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y . Ix compiling thia lofe of Sir Isaac Newton, there has b«en 

^eondderable diffionlty experienced from theBcantinesB of ma* 

'' }terialB collected by preceding biographers, both as regards the 

t . particulars of the early life and the historical details of the 

' ^!j disooYeries.of one of the greatest men whom Englai^ has had 

^ the honour of having produced—- a person alike distinguished 

>^for the great originality and depth of his philosophic viewi^ 

and the simplicity and amiableness of his character — one whom 

we are perhaps called on to admire more than to imitate, yet 

one whose virtues and piety may well serve as an example ta 

individuals in every sphere of life. 

How firequently are the lives of men of ordinary talent re» 

corded for our instruction. It certainly must be much more 

"^ interesting to follow the most exalted genius through the inci- 

denta of common life;— to remark the steps by whigh he at- 

^ tsSned his lofty pre-eminence ;— to observe how he performs the 

} . ftmetions of the social and the domestic compact;— how he 

1^' exeropjaea his lofty powers of invention and discoveTy ;— hovr 

^ he comports himself in the arena of intellectual strife ;— and 

In what sentiments, and with what aspirations he quits the 

weild which he has adorned. In almost all these bearings, the 

Jife and writings of Sir Isaac Newton abound with the richest- 
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ooanael ; and in them the philosopher, the moraliat, and the 
divine, will find instmction. 

Aware that several eminent and talented authors have pro* 
ceded him, the editor acknowledges himself nnder many obli« 
gations for mnch valnable information ; their works are more 
extended, and although he unhesitatingly admits, they posaeBS 
much greater merit than the present unpretending volume^ 
yet they are also more expensive, and consequently beyond the 
reach of the working-classes, who are now thirsting after 
scientific knowledge. 

The object of the present publication is to present to the 
world a cheap edition of the Life of Sir Isaac Newton, and it 
is confidently hoped that it will meet with the approbation of 
a liberal and enlightened public. 

London^ Novmber^ 1849. 
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CHAPTER I. 

His Birth and Parentage. His Early Education* Is sent to Grantham 
School. His Attachment to Mechanical Pursuits in his youth. His 
Windmill; his Water Clock; his self-moving Carriage. His Sun- 
Dials. Preparations for the University. Enters Trinity College, 
Cambridge. His propensity for Mathematics. His Geometrical 
Studief. Purchases a Prism. Employed to revise Dr. Barrow's Op- 
tica Lectures. Takes his Degrees. Is appointed a Fellow of Trinity 
College. Succeeds Dr. Barrow in the Lucasian Chair of Mathematics. 

The name, of this celebrated philosopher has by 
general consent been placed at the head of those great 
men who have been acknowledged as the ornaments 
of their species. The character of Newton cannot be 
delineated and discussed like that of ordinary men ; 
its unity is so beautiful, that the biographer must 
dwell upon it with delight, and the inquiry by what 
means he attained an undisputed superiority over his 
fellow-creatures, must be both interesting and useful. 
It has been asserted that all men are bom equal in 
talents, and that the difference which exists amongst 
them is the effect of education; but this is disproved 
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by the observation of every parent and teacher, a de^ 
cided inequality in capacity, for receiving instruction 
being distinctly exhibited by children even in infancy. 
Newton was endowed with talents of the highest 
order, but those who are less eminently gifted may 
study his life with advantage, and derive instruction 
from every part of his career. "With a power of in- 
tellect almost divine he demonstrated the motion of 
the planets, the orbits of the comets, and the causes 
of the tides of the ocean : he investigated with com- 
plete success the proportions of light and colours, 
which no man before had even suspected ; he was the 
diligent, sagacious, faithful interpreter of Nature, an- 
tiquity, and Scripture; his philosophy tended to 
exalt the glory of the Creator, and he exhibited in 
his manners the purity and simplicity of the doctrines 
of the Gospel. He was a firm believer in Christi- 
anity, not as men in general believe, by coldly as- 
senting to the truth of doctrines, merely because they 
have been early inculcated by parents and preceptors- 
He was deeply learned in history and chronology, and 
he^ applied the unrivalled powers of his mighty in- 
tellect to the complete examination of a subject com- 
pared with which all others sink into insignificance ; 
the result was a clear conviction of the truth of re ■ 
vealed religion, which is demonstrated in all his 
works, and which was still more effectually shown 
in his life and conduct. Those who consider the 
character of an individual so highly renowned will 
duly appreciate the value of his testimony. His bio- 
graphy, therefore, cannot fail to excite a general in ; 
terest. 

Sir Isaac Newton was bom at Woolsthorpe, a 
hamlet in the parish of Colsterworth, in Lincolnshire, 
about six miles south of Grantham, on the 25th day 
of December (old style) 1642, and was baptized at 
Colsterworth on the Ist day of January 1642-3. Hia 
fether, Mr, Isaac Newton, died at the early age of 
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thirty-six, only a few months after his marriage t(r 
Harriet Ayscough, daughter of James Ayscough of 
Market Overton in Rutlandshire. The consequence 
was, that the mother of the interesting suhject of 
these pages was left in a state of pregnancy, and ap- 
pears, from the grief occasioned hy the death of her 
husband, to have given birth to her first and posthu- 
mous child. The helpless infant thus ushered into 
the world was of such an extremely diminutive, and 
seemed of so delicate a frame, that two women who 
were hurried off to Lady Pakenham's at North Wi- 
tham, to procure some medicine for the purpose of 
strengthening the puling infant, declared that they 
did not expect to find him in life on their return. Sir 
Isaac in after life has repeatedly asserted that he had 
often heard, his mother say, that " when he was bom 
he was so little that they might have put him into a 
quart mug, and did not expect that he could live." 
But an all-wise Providence had otherwise decreed, 
and that feeble body which appeared scarcely qualified 
to contain its immortal mind, was destined to shoot 
forth and enjoy a vigorous maturity, and to survive 
the threescore years and ten allotted as the term of 
human existence. The property of Woolsthorpe, in 
the manor-house of which this remarkable birth took 
place, haa been in the possession of the family of 
j^ewton for more than a hundred years. This family 
came originally from Newton in Lancashire, but, 
before purchasing the estate of Woolsthorpe, had 
settled at Westby in Lincolnshire. The manor-house 
is situated in a beautiful little valley, celebrated for 
its copious wells of excellent spring water, on the 
west side of the river Witham, which takes its rise 
in the vicinity, and commands a remarkably pleasing 
profi^pect to the east towards Colsterworth. The pa- 
ternal property of Woolsthorpe was worth no more 
than iCaO a-year ; but Mrs.^Newton was proprietor 
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of another small estate at Sewstem, in Leioesteidi&e^ 
and 0BI7 tbiee miles distant from Woolstkorpe wbidi 
vaised the yearly value of their property to nearly 
£80 ; and being a woman of an active disposition, it 
is probable that the cultivation of the small farm on 
which she resided somewhat increased the limited 
income upon which she had to support herself and hex^ 
&vourite child, aa well as to provide for his education. 
Mrs. Newton continned to nurture and watch over 
her tender charge for three years, with the most ex- 
emplary parental solicitude ; but at the end of that 
period, in consequence of her maniage to the Reve- 
rend Barnabas Smith, rector of North Witham, she 
removed to the parsonage, and Isaac was left under 
the care of his maternal grandmother. At an eaady 
age he was sent to two day schools at Skillington and 
Stoke, where he acquired Hxe little learning usually 
afiiHrded at these seminaries ; but upon reaching 
his twelfili year he went to the public tKhoci 
at Grantham, conducted by Mr. Stokes, and was 
at the hou^ of Mr. Clark, an apothecuy in that 
town. At this time he was a thoughtless boy, very 
mattentive to his lesscms, and much attached to boyish 
amusements, and c(msequently very low in the school, 
and presented little hopes of his future success. The 
boy, however, who happened to be above him in the 
daaSy having one day giv^i him a severe kick upon 
his eiomach, from which he suffered great pain, Isaac's * 
mode of revenge was peculiar ; from his little sioe, 
and delicate constitution, he was unable to punish his 
antagonist in the usual metiiod, by giving him a good 
beating ; but he laboured incessantly at his studies, 
and gave up his amusements, till he got above him is 
the school ; and from that period he rose by degrees, 
till he was the head boy. From the industrious 
habits of application which this trifling inoid^it had 
led him to form, the peculiar character id mind of 
the future philosopher was speedily displayed.— 
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Pnritig the hours of play, when hie companions vrere 
occupied with these amusements, his attention was 
taken np with mechanical contrivances, either in imi- 
tation of something which he had previously observed, 
or in the execution of some ori^nal conception of his 
own. To enable him to do so, he embraced every 
opportunity of providing himself vnth little saws, 
hatchets, hammers, and all sorts of tools, which, by 
constant practice, he soon acquired the art of using 
with a workmanlike dexterity. The principal pieces 
of mechanism which he thus constructed at this early 
age were a windmill, a water-clock, and a carriage 
put in motion by the person who sat in it. When a 
windmill was in the course of erection in the neigh-r 
bourhood of Grantham, on the road to Gunnerly, 
young Newton frequently attended and anxiously 
watched the operations of the workmen, and attained 
snch a complete knowledge of the machinery, that in 
h short time he completed a working model of it, to 
the great surprise and admiration of every person who 
beheld iU The young mechanist frequently placed 
tins model on the top of Mr. Clarke's house, in which 
be lodged, where it was put in motion by the action 
of the wind upon its sails ; but not content vrith this 
exact representation of the original machine, he con- 
cdved the idea of driving it by animal power ; and 
for this purpose he entrapped a mouse, which he 
called the miller ; and this little animal, by acting on 
a sort of tread-wheel, gave motion to the machine. — 
According to some accounts, the mouse was made to 
advance by having a string tied to its tail ; while 
others allege that""* the power of the diminutive agent 
was instigated by its fruitless attempts to reach a 
small piece of toasted cheese placed above the wheel. 
His water-clock was formed out of a box, which, 
with great earnestness, he had solicited from the bro- 
ther of his landlady, without giving any notice of his 
mtentions. tt was about four feet high, and of pro- 
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portionate breadth, not unlike a common house-dock. 
The index of the dial-plate was turned by a piece o£ 
wood, which either rose or fell by the action of drop- 
ping water. As it stood in Isaac's own bed-room, he 
supplied it every morning with the requisite quantity 
of water; and this same machine was used as a 
time-keeper by Mr. Clarke's family, and remained in 
the house many years after its inventor had left Gran- 
tham. Dr. Stukely, in a letter to Dr. Mead says, 
** I remember once, when I was deputy to Dr. Halley, 
Secretary to the Royal Society, Sir Isaac talked o£ 
these kind of instruments. That he observed the 
chief inconvenience in them was, that the hole 
through which the water was transmitted was neces- 
sarily very small, and subject to be furred up by the 
impurities in the water, as tliose made with sand will 
wear bigger, which at length causes an inequality in 
time." This satisfactorily proves that Newton's mind 
was occupied by the consideration of his youthful 
inventions, when more important avocations attracted 
his attention in after years. 

His mechanical carriage was a vehicle with four 
•wheels, which was put in motion with a handle 
wrought by the person who sat in it, but it seems 
ronly to have been calculated for a smooth surface, and 
jQot fitted to overcome the inequalities of a road. It 
was, however, a most useful invention for invalids, 
which enabled them to move from one place to ano- 
ther in a room, when unable to walk. 

Isaac Newton was at this period "a sober, 
silent, thinking lad" who seldom ever joined in the 
ordinary games and more boisterous amusements of 
his companions, yet he took great delight in providing 
them with pastimes of a scientific character. He 
introduced among his schoolfellows the flying of 
paper kites ; and he is said to have been at great 
pains in determining their best forms and proportions, 
and in ascertaining the position and number of the 
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points by which the string ought to be attached. He 
also made paper lanthems, by the light of which he 
went to school in the winter morniDgs ; and in dark 
nights he frequently attached these lanthems to the 
tails of his kites, which inspired the country people 
with the belief that they were comets. 
*•' In the house of Mr. Clark at Grantham, where he 
lodged, there were also some female boarders in whose 
company he appears to have taken much pleasure. 
One of these young ladies, a Miss Storey, sister to 
Dr. Storey, a physician at Buckminster, near Colster-* 
worth, was Newton's junior by two or three years, 
and to great personal attractions she seems to have 
added more than the customary share of female 
talent. The society of Miss Storey and her com- 
panions was always preferred to that of his own 
schoolfellows, and it was one of his most agreeable 
occupations to exercise his mechanical abilities in 
constructing for them little tables, chairs, cupboards, 
and other utensils for holding their dolls and their 
trinkets. He had lived nearly six years in the same 
house with Miss Storey, and there is every reason to 
believe, that during this time their youthful friend- 
ship gradually rose to a stronger passion; and his 
attachment is said to have continued even after he 
was sent to college, but as he could not marry with- 
out forfeiting his chance of a fellowship, and as he 
had no means of supporting a wife and fa,mily, he 
subdued his predilection in silence, and found conso- 
lation in the severest labour of study. This young 
lady was afterwards twice married, and under the 
name of Mrs. Vincent, Dr. Stukely visited her at 
Grantham in the year 1727, when she had attained 
the mature age of eighty-two, and from her he 
obtained many interesting particulars respecting thie 
early history of Sir Isaac. Newton's esteem for this 
Ms first love, continued unabated during his life. He 
never visited Lincolnshire without calling upon her ; 
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and, when she sunk into poverty, liberally supplied 
her wants, by relieving her from little pecuniary 
difficulties which appear to have frequently perplexed 
her. 

But Newton's genius was not engrossed by me- 
chanical pursuits. Among his early passions wo 
have to recount his love of drawing, and even of 
writing verses. His own room was furnished with 
pictures, drawn, coloured, and neatly framed by him- 
self, sometimes from copies, but often from life. Mr. 
Clark informed Dr. Stukely that the walls of the 
room in which Sir Isaac lodged were covered with 
charcoal drawings of birds, beasts, men, ships, and 
mathematical figures, all of which were very well 



Among the portraits in Newton's room were those 
of Dr. Donne, Mr. Stokes, the master of Qraatham 
school, and King Charles I., \mder whose picture 
were the following lines :^— 

A leeret art my loul requires to try* 
If prayers can gire me trhat the wars deny. 
Thice erowas distinguished here, im order do 
Present their objeets to my knowing view. 
Earth's crown* thus at my feet I can disdaia« 
Umich heaTy is, and at the best but rain. 
But now a crown of thorns I gladly greet* 
Sharp is this crown> but not so sharp as sweet; 
The crown of glory that I yonder see 
It AUl of Uiss and of eternity. 

These verses were repeated to Dr. Stukely by Mrs. 
Vincent, who believed them to be the composition of 
Newton, a circumstance which seems to be the mora 
probable, as he himself many years after assured Mr. 
Conduit, with some expression of pleasure, that he 
'' at one time excelled in making verses," though he 
had been frequently heard to express his great coa« 
tempt for poetical composition ; but like all young men 
who are anxious in gaining a respectable livelihood, h^ 
gave up the idle trade for a more serious calling. 
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But dtinBg these early years, while the mind of 
Newton was occupied principally with the pursuits 
^hich we have already detailed, it was by no means 
inattentive tp^ the motions of the celestial bodies, on 
which he was afterwards enabled to throw such a flood 
of brilliant light. His thoughts had probably been 
diieeted to the more accurate measure of time which 
tibe motion of the sun afforded, by the imperfections of 
ins water-clock. In the back-yard of Mr. Clark's 
bouse where he lived, he marked the varying move- 
ments of that luminary upon the walls and roofe of 
the outbuildings, and by means of fixed pins he noted 
^e hoarly and half-hourly subdivisions. One of these 
dials, which went by the name of *^ Isaac's dial," and 
%9S» long after firequently referred to by the country 
people for the hour of the day, appears to have beeil 
dvawn solely from th« observations of several years ; 
but we have now no means of obtaining information 
fflMsther the numerous dials which he drew on the 
mMB of his house at Woolsthorpe, and which existed 
mway years after his death, were of the same desciip- 
iMtt, w were projected from his knowledge of tlid 
jtoetrine of the sphere. 

In thff 3^ear 1656, upon the death of the Reverend 
Mr. Smith, his widowy the mother of Newton, left 
filer rectory of North Witham, and took up her resi- 
dence at Woolsthorpe along with her thvee children, 
Mary, Benjamin, and Hannah Smith. Isaac had' now 
^llftained the fifteenth year of his age, and had made 
gi^eat progress in his studies under Mr. Stokes ; and 
fls his mother considered that he was capable of being 
nsefcdl in 'the management of the farm and countiy 
business at -Woolsthorpe, she, chiefly &om a motive of 
eeonomy, recalled him from the school at Grantham, 
and brought him home. In order to accustom the 
ynong farmer to twot>f the most important branches 
of agriealtnral labour — ^the art of selling and buying 
'— >he was generally sent on the Saturdays to Grantham 
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market, to dispose of grain and other farm produce^ 
and to purchase such articles as was requisite for the 
nse of the &mily. But as Isaac was yet void of ex- 
perience in such matters, an old trust- worthy servant 
generally accompanied him for the purpose of initiating 
him into the mysteries of the business of market* 
joiaking. The inn where they put up was the Saracen's 
Head at West Gate ; hut no sooner had they put up 
their horses than our youthful philosopher deserted his 
commercial concerns, and betook himself to his former 
lodgings in Mr. Clark's garret, where a number of the 
apothecary's old books afforded him abundance of en- 
tertainment till his aged guardian had finished the 
more intricate business of market-making, and called 
for him with the announcement that it was time for them 
to return home. At other times he did not trouble 
himself by going so far, but deserted his duties on the 
road, and ensconced himself under a hedge, where he 
remained with some favourite volume till the servant 
returned from market at Grantham. ^' One of his 
uncles," says Mr. Biot, " having one day found him 
under a hedge with a book in his hand and entirely 
absorbed in meditation, took it from him, and found 
that he was occupied in the solution of a mathematical 
problem. Struck with finding so serious and so active 
a disposition at so early an age, he urged his mother 
no longer to thwart him, and to send him back to 
Grantham to continue his studies." This advice his 
mother shortly after found it necessary to comply 
with, as the more immediate a&irs of the farm were 
not more prosperous under his management, than 
would have been his marketings at Grantham if they 
had been left to his own discretion. Tha perusal of 
a book, the execution of a model, or the superinten- 
dence of a water-wheel of his own construction, 
whirling the glittering spray from some neighbouring 
stream, absorbed all Isaac's thoughts, while the shee]^ 
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were left to wander at will, and the cattle making sad 
havock in the cornfields. 

Mrs. Smith was soon conyinced from experience 
that her son's genius took a higher flight than the 
cnltiyation of the soil, and as his passion for study, 
and his dislike for rural occupations increased with 
his years, she wisely resolved to give him all the 
advantage which education could confer. He was 
accordingly sent hack to Grantham school, and his 
lodgings in Mr. Clark's house, where he continued 
for some months busily engaged in preparation for his 
academical studies. His uncle, the Reverend William 
Ayscough, who was rector of Burton Goggles, about 
three miles east of Woolsthorpe, and who had him- 
self studied at Trinity College, recommended it to his 
niephew to enter that society, and it was acccordingly 
determined that he should proceed to Cambridge at 
the commencement of the approaching term. V 

It has been justly remarked by a celebrated sci^ 
entiflc author tibat, ^Ho a young mind thirsting for 
knowledge, and ambitious of the distinction which it 
brings, the transition from a viUage school to an uni- 
versity like that of Cambridge^ — ^from the absolute 
solitude of thought to the society of men imbued 
with all the hterature and science of the age, must be 
one of eventful interest. To Newton, it was a source 
of peculiar excitement. The history of science afiforda 
many examples where the young aspirant had been 
early initiated into the mysteries, and had even exer- 
cised his powers of invention and discovery before he 
was admitted within the walls of a college ; but he 
who was to give philosophy her laws did not exhibit 
sach early t^ent ; — no friendly counsel regulated hm 
youthful studies, and no work of scientific eminence 
seems to have guided him in his course. In yielding 
to the impulse of his mechanical genius, his mind 
obeyed the laws of its own natural expansion, and, fol* 
lowing the line of least resistance, it was thus diuwo 
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snide from the stron^olda wiih which it was destined 
to grapple. When Newton, therefore, arrived a( 
Trinity College, he brought with him a more slender 
portion of science than falls to the lot of ordinary 
adialars ; but this state of his acquirements was, per* 
haps, not unfavourable to the development of his 
powers. Unexhausted by premature growth, and 
invigorated by healthful repose, his mind was the 
better £tted to make those vigorous and rapid shoots 
which soon covered with foliage and with fruit, the 
genial soil to which it had been transferred. Cam- 
bridge was consequently the real birth-place of his 
(Newton's) genius. Her teachers fostered his earliest 
atedies — ^her institutions sastained his mightiest effiirts 
<— oad within her precincts were all his discoveries 
Bade and perfected. When he was called to higbec 
official functions his diaeiples kept up tiie pre-eminence 
of t&eir master's j^iibsophy, and their soecessors have 
maiatabied this seat of leacning in the frdlness of its 
ghxry^ and rendered it the mast diatmgmshed among 
tiie nnivennties of Enxope." 

Isaac Newton was adhnitted nnto Trinity Collegia 
€Saari)ridg&y on the 5th dsf of June, 1660, in the Imk 
)raar of his age. Dr. Baeroiw was elected pn^bssov 
ef Cbeek in that umversity during the same j^M* 
Kewton's attention was first directed to tiie study of 
mathematics by an aidient desire to inquixe into the 
Inith of judicial astrology ; and he is said to have 
discovered the foUy of tluit study by erecting a figuse 
witk the aid of one or two of the problems of Euclid. 
The propositions contained m this ancient system of 

raetry he regarded as self-evident tmths ; and, by 
genius and patient application, without any pre- 
liminary study, he made himself master of Descartes's 
Geometry. He afterwards discovers, as a mistake in 
his mathematical studies, this neglect of the elemen-^ 
tary tmths of geometry ; and he expressed to Dr. 
Pemberton his regret tibat <^ he had implied himself 
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to the works of Descartes and other algebraic writers 
before he had considered the elements of Euclid with 
that attention which so excellent a writer deserred." 
Dr. Wallis's Arithmetic of Infinities, SannderscHi's 
Logic, and the Optics of Kepler, were among the 
works which he appears to have studied with much 
care. On these books he wrote numerous comments 
during their perusal ; and so great was his prooresa 
in his scientific stu<Ues, that he is reported to nave 
found himself more deeply versed in several branches 
of knowledge than the tutor who was employed to 
direct his studies. 

During the first three years that he spent at Trinity 
College, neither history nor tradition has handed dowa 
to us any particular account of his progress. It ap- 
pears £N>m an account (which he regularly kept) of 
bis expoises, that in the year 1664 he purchased a 
prism, for the purpose, as has been repc^d, of ex* 
sxnining Descartes's Theory of Colours; and it is 
slated by Mr. Conduit, that he not only soioa estft* 
Uishad his own views on the subject, but detected the 
enaoss in those of the French j^ilosopher. This, how* 
srver^ does not appear to have been the ease. Had he 
feally made 8a<^ an inipcMrtant dieoovery as the comp 
position of light so early as the year 1664 or 1665, it 
IS not at all probable that he would have withheld it 
net only firom the Royal Society, but &om his personal 
fiiends at Cambrid^, till 1671. Dr« Barrow, his 
firiend and tutor, was made Lucasian Professor of 
Mathematics in 1663, and he delivered a course ol 
optical lectures, which he afterwards published ni 
1669. In the pre&ce of this work he acknowledges 
his obligations to his esteemed colleague, Mr. Isaac 
Newton, for having revised the MSS., and corrected 
several oversights, and made some important sugges* 
tions. In the twelfth lecture there are some obsep* 
vations on the origin and nature of oolours, whidb 
Newton, had he be^ then in possession of theis true 
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theory, could not have permitted his friend to publish. 
According to Dr. Barrow, White is that which dis- 
charges a copious light, equally clear in every direc- 
tion. Black is that which does not emit light at all, 
or which does it very sparingly. Red is that which 
emits a light more clear than usual, but interrupted 
by shady interstices. Blue is that which discharges 
a rarified light, as in bodies which consist of white 
and black particles arranged alternately. Green is 
nearly allied to blue. Yellow is a mixture of much 
white and a little red ; and Purple consists of a great 
deal of blue, mixed with a small portion of red. The 
blue colour of the sea arises from the whiteness of the 
salt which it contains, mixed with the blackness of the 
pure water in which the salt is dissolved ; and the 
blueness of the shadows of bodies, seen at the same 
time by candle and daylight, arises from the whiteness 
of the paper mixed with the faint light or blackness 
of the twilight. These opinions savour so little of 
genuine philosophy that they must have attracted the 
observation of Newton; and had he discovered at 
that time, when he revised these MSS., that white 
Was a mixture of all the colours, and black a privation 
of them all, he could not have permitted the absurd 
speculations of his master to pass uncorrected. 

That Newton had not distinguished himself by any 
positive discovery, so early as 1664 or 16^5, we think 
may be satisfactorily proved ; but it may also be in- 
ferred from the circumstances which attended the 
competition for the law-fellowship of Trinity College. 
The only candidates for this appointment were Newton 
and Mr. Robert Uvedale ; and, on examination, Dr. 
Barrow, then Master of Trinity, having found them 
perfectly equal in their attainments, conferred the 
fellowship on Uvedale as the senior candidate. Had 
Isaac Newton made the important discovery alluded 
to, at this time, there can be little doubt that he 
t70uld have received the appointment from his friend. 
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In the books of the Umversity, we find Isaac New- 
ton recorded as having been admitted sub-sizor in 
1661. He became a scholar in 1664. In 1665, he 
took his degree of Bachelor of Arts ; and in 1666, in 
consequence of the breaking out of the plague, he 
returned home to Woolsthorpe. In 1667, he was 
made Junior Fellow. In 1668, he took his degree of 
Master of Arts ; and in the same year he was ap* 
pointed to a Senior Fellowship. In 1669, when "Dr. 
Biarrow had resolved to devote his attention to theo- 
logy, he resigned the Lucasian Professorship of Mathe- 
matics in favour of Newton, who may now be consi- 
dered as having entered upon that brilliant career of 
discovery, which has, by general consent, placed his 
name at the head of those great men who have been 
the ornaments of their species. However imposing 
be the attributes with which time has invested the 
sages and the heroes of antiquity, the brightness of 
their fame has been eclipsed by the splendour of Sir 
Isaac Newton's reputation ; and neither the partiality 
of rival nations, nor the vanity of a presumptuous age, 
has ventured to dispute the ascendancy of his genius. 

^^ The life and writings of this great philosopher 
abound with the richest counsel. Here the philoso- 
pher will learn the art by which alone he can acquire 
an immortal fame. The moralist will trace the linea- 
ments of a character adjusted to all the symmetry of 
which an imperfect nature is susceptible; and the 
Christian will contemplate with delight the high priest 
of science quitting the study of the material universe 
— ^the scene of his intellectual triumphs — ^to investi- 
gate, with humility and patience, the mysteries of his 
faith." 

The history of the scientific discoveries of this emi- 
nent philosopher will form the subject of some of the 
following chapters. 
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CHAPTER II. 

lifWtoM Biyifedln Jwrning kniw. Hit fintesperimMtt with tbcyitea. 
DiteoTOt the conpositioB of White lafbt, and the different reAr«i^ 
bility of the rays which compose it. Absmdons his attempts to im- 
]nove Refracting Telescopes, and roolves upon the construction of 
Beflecting ones. <^ts Ctmbridge on aooount of tixe Plague. Con- 
■tructs the Reflecting Telescope, the first ever executed. One of them 
examined by the Royal Society and shown to the king. Constructs a 
TeSMeope with Ghus Spceula. Delivers a oourie of Optical Lectmes. 
ISIeeteda Fellow of the Royal Society. Communicates to them hia 
discoveries. Popular account of them. They involve him in various 
controvenies* 

Thb appointment of Isaac Newton to the Lucasian 
Chair, at Trinity College, Cambridge, appears to haye 
been oontemporary with some of his most important 
daoovmes. The first of these, of which the date is 
{mperlf authenticated, is that c$ the different re- 
fiugibility of the rays of light, which he satisfactorily 
established in 1666. The germ of the doctrine of 
nmrersal gravitalion seems to have presented itself to 
him in the same year, or at latest in the year follow- 
ing; and in the year 1666 or before, as 'he expresses 
himself ip a letter to the Abbe Conti, he was in pos- 
eesi^on of his method of fluxions, and he had brought 
it to such a state in the beginning of the year 1669, 
that he permitted his friend, I>r. Barrow, to commu- 
nicate it to Mr. Collins on the 20th of Jmie in that 
year. 

Although we have already mentioned, on the an- 
ihority of accounts kept by Newton himseli^ that he 
had purchased a prism, in 1664, at Cambridge, yet he 
does not appear to have made any use of it, as he in- 
forms us that it was in 1 666 that he " purchased a tri- 
angular glass prism to try therewith the celebrated 
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phenomena of colonzs." During the same year h^ had 
applied himBelf totiie grinding of ^^ optic glas8e8,*of 
otiier figures than spherical," and having, no donht^ 
esqperienced the impractibility of executing such lenses, 
the idea of examining the phenomena of colour was 
€m of those sagacious and fortunate impulses which 
moxe than once led him to discovery. Descartes in 
his JMoptriee, pubtis^Md in 1629, and more recently 
James Gregory in his Optica Promota published in 
1663) had shown that paraQel and diyeiging rays 
ccmld he reflected, with ma^ematical accuracy, to a 
point or focus, by giving the surflEice a parabolic, an 
eDipiical, or a hyperbolic form, cnr some other form not 
SfAerical. Descartes had even invented and described 
machines by which lenses of these shapes could be 
ground and polished, and the peifecticm of the reiiract- 
ing telescope was supposed to depend on tiie degree 
of accuracy with which they could be executed. 

In endeavouring to grind glasses that were not sphe- 
rical, Newton seems to eonjeotare that the d^scts 
ct lewises, and consequently of refracting telescopes, 
nai^t arise from some other cause than the impei^eet 
conveyancy of rays to a simple point, and thk conjec- 
ture was hai^ily realised in those fine discoveries of 
which we shall endeavour to give some account. 

When Newton commenced making this inqmiy, 
philosophezB of the highest genius were directing all 
the energies of their mind to the subject of light, and 
to the improvement oi the refracting telescope. Mr. 
Gregory, of Aberdeen, had invented his reflectin|; te* 
lescc^e. Descartes had explained his theory, and ex- 
erted himself in perfecting the construction <^ the eom- 
moD refracting telescope, and Huygens had not only 
executed the magnificent instruments, by which he 
discovered the ring and the satellites of Saturn, but Ui;d 
begun those spli^did researches respecting the nature 
cf ^ht, and the phenomena of double refraction Wfakh 
have led his successors to such brilliant discoveries. 

Digitized by LjOOQ IC 



I. 

I 

12 THE LIFE OF - 

Newton, therefore, came forward when the science of 
Ught was prepared for some great accessioa, and at tl^e 
very time when he was required to propagate the im- 
pulse which it received from hia illustrious prede- 
cessors. 

The ignorance which at that time prevailed re- 
specting the nature and origin of colours, is sufficiently 
apparent from the account we have previously given 
of Dr. Barrow's speculations on this suhject, as pub- 
lished in his lectures, which were revised by Newton. 
It was then the general supposition that light of every 
colour was equaUy refracted or bent out of its direc- 
tion, when it passed [through any lens or prism, 
or other refracting medium ; and though the exhibition 
of colours by the prism h^d frequently been made 
before the time of Newton, yet no philosopher appears 
to have attempted to analyse the phenomena. 

Newton was well aware that when a ray of light 
proceeds through the same medium — ^say the air, it 
moves in a straight line, and if admitted through a 
small hole into a dark room, appears white ; but if it 
passes obliquely from a rarer into a denser medium, 
as from air into water, it is then urged \)ut of the 
straight line, and appears as if it had been suddenly 
bent. For this reason a straight rod or stick, when 
immersed in water, appears to be broken at the sur- 
face of the water ; and the portion immersed seems to 
fee bent upwards. The light thus proceeding out of 
its straight course is said to be reflected, an^ our 
observations on objects placed in water, are liable 
from this circumstance, to considerable deception. 
For example, a deep-bodied fish seen near the surface 
•of the water, appears a flat-fish ; a round body there 
seems oval, and objects seen at the bottom do not 
appear to be so deep as they really are. Now we are to 
bear in mind that light in passing into our atmosphere, 
has moved from a rarer into a denser medium — ^that • 
U from the thin ether above the highest stratum of 
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air into the denser mass of air which more immediately 
surroands the earth. This air is generally loaded 
with watery vapour, so that the medium tlirough 
which light has to pass in our atmosphere, undergoes 
many remarkable changes. Hence the distance, 
height, and relative position of the mountains, hills, 
valleys, toyms, often appear altered. A certain range 
of mountains in one condition of the atmosphere, will 
appear nearer; in another, more remote from the 
spectator than usual. But in being thus bent out of 
its course, a ray of light exhibits a variety of beautiful 
colours, the cause of which it fell to the lot of our 
illustrious professor to discover. 

We have already observed that if a ray of light 
be admitted through a small hole into a dark room, it 
appears of uniform whiteness ; but Newton discovered 
, that this white ray of light is a combination of seven 
differently coloured rays, which may be separated 
easily from each other. He proceeded in his experi- 
ment thus ; — ^he made a hole in one of his window 
shutters, and having darkened his chamber, let in a 
oonvenient quantity of the suns light. He then 
intercepted this light with his triangular glass prism, 
and found that in passing through the glass, the light 
was so refracted, as to exhibit on the wall an image 
of seven different colours, viz : — ^violet, indigo, blue, 
green, yellow, orange, and red ; the image was about 
five times as long as it was broad. It was at first, 
says our author, " a very pleasing divertizement to 
view the vivid and intense colours presented thereby;" 
but this pleasure was immediately succeeded by sur-^ 
prise at various circumstances which he had not ex- 
pected. According to the received laws of refraction, 
he expected the image from the prism to be circular, 
like the white image which the sunbeam had formed 
on the wall, previous to the interposition of the prism; 
but when he found it to be no less than five times 
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longer than it was broad, it ^' excited in him more 
than ordinary curioaty to examine from whence it 
misht proceed. He could scarcely think that the 
yanous thickness of the glass, or the termination witili 
shadow or darkness, could have any influence on light 
to produce such an effect ; yet he thought it not amiss 
£rst to examine those circumstances, and so find what 
would happen by transmitting through parts of the 
glass of (^vers thicknesses, or through holes in the 
vrindow shutter of divers bignesses, or by setting the 
prison without, (the window), so that the light might 
pass through it, and be refracted before it was ter- 
minated by the hole ; but he found none of these 
circumstances natural. The fashion of the colours 
was, in all these cases the same." 

Newton next suspected that some unevenness in 
the glass or other accidental irregularity, might cause 
the extension of the colours. In order to tiy this, he 
took another prism, and placed M in such a mannec 
that the light passing through them both might be re- 
fracted contrary ways, and thus returned by the 
second prism into that course from which the first 
had diverted it, for by this means he thought the 
regular effects of the first prism would be destroyed 
by the second, and the irregular effects more aug- 
mented by the multiplicity of refractions. The result 
was, that the light which was diffused by the first 
prism into an oblong form, was reduced by the second 
prism into a circular one, with as much regularity as 
when it did not pass through them at aU ; so that 
whatever was the cause of the length of the image, it 
did not arise from any irregularity in the prism. 

Our philosopher next proceeded to examine more 
critically what might be effected by the difference of 
the incidence of the rays procee^ng from different 
parts of the suns disc; but by taking accurate 
measures of the lines and angles, he found that the 
angle of the emergent rays should be 31 min. equal 
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iso the Sim's diameter, whereas the real angle sub- 
t<9ifded at the hole in the shutter was 2 deg. 49 min. 
But s» this computation was founded on the hypo^ 
thesisy that the sine of the angle of incidence was pro- 
p(Nrti(Hial to the sine of the angle of refraction, which^ 
from his own experience, he could not imagine to be so 
*€xraneous as to make that angle but 31 min., which 
was in reality 2 deg. 49 mm. ; yet " his curiosity 
caused him again to take up his prism/' and having 
turned it round in both directions, so as to make the 
^rays ML both with greater and with less obliquity 
upon the £a«e, he found that the colours on the waU 
^d not sensibly change their place ; and hence he ob« 
tained a decided proof that they could not be occa- 
noned by a difference in the incidence of the light 
radiating from different parts of the sun's disc. 

Bir Isaac then began to suspect that the rays after 
.passing through the prism might move in curved lines, 
-smdy in proportion to the different degrees of curvature, 
might tend to different parts of the wall; and this 
suspicion was strengthened by the recollection that he 
liad often seen a tennis-ball struck with an oblique 
racket describe such a curved line. In this case a 
^circular and a progressive motion is communicated to 
the ball by the stroke, and in consequence of this, the 
^direction of its motion was curvilineal, so that if the 
rays of light were globular bodies, they might acquire 
4[fc circular motion by their oblique passage out of one 
medium into another, and thus move like the tennis- 
ball in a curve line. Notwithstanding " this plausible 
/ground of suspicion," as he terms it, he could dis- 
,cover no such curvature in their direction, and, what 
^was enough for his, purpose, he observed that the 
difference between the length of the image and the 
diameter of the hole was proportional to their dia- 
tance, which could not have happened had the raya 
moved in curvilineal paths. 

These diflferent hypotheses, or suspicions, being thus 
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gradually removed, he was at length led to an expe^ i 

riment which determined beyond a doubt the true . 

cause of the elongation of the coloured figure. Having j 

taken a board with a small hole in it, he placed it i 

behind the face of the prism, and close to it, so that \ 

he could transmit through the hole any one of the | 

colours in the figure, and keep back all the rest. ' 

When the hole, for example, was near the comer of j 

the prism, no other light but the red fell upon the * 

wall. He then placed behind this another board with, 
a hole in it, and behind this board he placed anothec C 

prism, so as to receive the red light which passed | 

through this hole in the second board. He them 
turned round the first prism, so as to make all the I 

colours in succession pass through these two holes, and 
he marked their places on the wall. From the varia* 
tion of these places, he saw that the red rays were t 

less refracted by the second prism than the orange J 

rays, the orange less than the yellow, and so on, the j 

violet being more refracted than all the rest. ! 

Hence he drew the general conclusion, " that light 
was not homogeneous, but consisted of rays, some of 
which were more refrangible than others." 

This discovery revealed at once the explanation of 
many of the most interesting appearances in nature.. 
Nothing can be more beautiful than the colours with | 

which the tops of mountains, the surface of the ( 

ocean, and the different-shaped clouds are tinged at \ 

sunrise and at sunset, the cause of which now became I 

obvious. The w^hite rays of the sun, entering into* ' 

an atmosphere of varpng density, pass through it like 
the sunbeams through Sir Isaac's glass prism, and are j 

in a similar way decomposed. The rays that are the J 

least refracted, or diverted, out of their course, reach. i 

l^e earth in all the purity and beauty of their own J 
individual colours, and enter into a thousand varied, 
combinations. When the sun is shining in all itsnooa 
of splendour high above the horizon, its rays, falling 
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on the wide expanse of the ocean, are reflected back 
unohaaged in all their original silvery lustre; but 
when the sun is setting, and its rays fall obliquely on 
the waters, the red being the least refrangible of the 
primary rays, floods with a fiery glow the heaving 
billows and the line of the visible horizon. Around 
the heavenly bodies — ^the sun and the moon — circles 
of light of the most varjdng colours often appear, 
which may be explained on the same principle, these 
halos being nothing more than the rays of light re* 
fleeted and refracted by the globules of vapour through 
which they pass before they reach the sphere of our 
vision. But the most familiar instance of the decom- 
position of light into its prismatic colours is exhibited 
to us by the rainbow, which is occasioned by the light 
of the sun shining on the spherical drops of water 
falling in an opposite shower. In this instance the 
rays c^ white light are refracted or resolved into their 
primary rays, which are reflected in the form of an 
dich across the heavens. 

As soon as Sir Isaac had established this important 
truth, he saw that a lens which refracts light exactly 
like a prism, must also refract the diflerent-coloured 
rays with diffident degrees of force, bringing the violet 
rays to a focus nearer the glass than the red rays, and 
so on. As soon as he perceived this result of his dis- 
covery, he abandoned all attempts to improve the 
refracting telescope, and took into his consideration 
the principle of reflexion ; and, as he found that rays 
of colours were reflected regularly, so that the angle of 
reflexion was equal to the angle of incidence, he con- 
cluded that, upon this principle, ^^ optical instruments 
omight be brought to any degree of perfection imagi- 
nable," provided that a reflecting substance could oe 
found which could polish as finely as glass, and reflect 
as much light as glass transmits, and provided a me- 
thod of communicating to it a parabolic figure could be 
obtained. These difficulties appeared to him very 



y Google 



88 THB XIFE OF 

great, and he eyen thought them insuperable, when be 
considered that, as any irregularity in a reflecting sur* 
fiatce makes the rays deviate Ave or six times more 
from their true path than similar irregularities in a 
refracting surface, a much greater degree of nicety^ 
would be required in figuring reflecting specula than 
refracting lenses. 

Such was the progress of Newton's optical disco^ 
veries, when the students of the University of Cam-^ 
bridge were suddenly dispersed by the breaking out 
of the plague, in 1666, which then desolated Enghmd. 
Newton retired for safety to his paternal estate ; and 
though he lost for a time the advantages of public 
libraries and literary conversation, he rendered the twa 
years of his retreat a memorable era in his own ezist-^ 
ence and in the history of science, by another of hia 

Seat discoveries, that of the theory of gravitation, or 
e tendency of bodies towards the centre of the globe. 
His time was never idle ; experiments, conclusions^ 
and reflections, occupied it continually. He saw an" 
apple fall from a tree, and immediately began to con- 
ader th^eneral laws which must regulate all falling 
bodies. At that time a degree had never been actually 
measured upon the face of the earth ,• his first attempts 
to account for the wonders of the whole solar system,, 
by the principle of gravitation alone, were, therefore, 
imperfect, from the want of sufficient data ; but these 
subjects he afterwards resumed. 

On his return to Cambridge, in 1668, he resumed 
the subject of a reflecting telescope, and having thouriit 
of a delicate method of polishing proper for metals, oy 
which, as he conceived, "the figure would be cor- 
rected to the last," he began to put this method to the 
test of experiment. At this time he was acquaint 
with the proposal of Mr. James Gregory, contained in 
his " Optima Promata," to construct a reflecting tele- 
scope with two concave specula, the largest of which 
had a hole in the middle of the larger speculum to 
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traimmii the light to an eye-glass ; but he conceiYed 
it would be an improTement on this instrument to 
place the eye-glass at the side of the tube, and to re- 
flect the rays to it by an OTal plane speculum. M. 
Biot, in his Life of Newton, lias erroneously stated 
that Newton was preceded in the invention of the 
reflective telescope by Gregory, hut probably without 
hnowing it. It is quite certain, that Newton was per- 
fectly well acquainted with Mr. Gregory's invention^ 
as appears from the following avowal of it, in a letter 
to Oldenburg. ** When I first applied myself to try 
ihe effects of reflection, Mr. Gregory's *• Optima !Pro- 
mata,' (printed in the year 1663,) having fallen into 
my hands, where there is an instrument described with 
a h(de in the midst of the object-glass to transmit the 
light to an eye-glass placed behind it, I had thence an 
occasion of considering that sort of constrbction, and 
found their disadvantages so great, that I saw it neces • 
sary, before I attempted anything in the practice, to 
-alt^ the design of them, and place the eye-glass at 
the side of the tube, rather than at the middle.' 

One of these instruments he actually constructed 
vnVbi his own hands j and he gave an account of it in 
a l^ter to a friend, dated February 23rd, 1668-9, a 
letter which is also remarkable for containing the first 
allusion to his discoveries respecting colours. Pre- 
vious to this, he was in correspondence with Mr. Ent, 
(afterwards Sir George Ent,) one of the original coun- 
cil of the Royal Society, an eminent medical writer of 
his day, and Pi-esident of the College of Physicians. 
In a letter to Mr. Ent, he had promised an account of 
his telescope to their mutual friend, and the letter to 
which we now allude contained the fulfilment of that 
promise. The telescope was six inches long. It bore 
an aperture in the large speculum something more 
than an inch, and as the eye-glass was a plano-convex 
lens, whose focal length was one-sixth or one- seventh 
of an inch, it magnified about forty times, which, as 
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Newton remarks, was more than any six foot tube 
(Inaeaning refracting telescopes) could do with distinct- 
ness. Oa account of the badness of the materials, 
however, and the want of a good polish, it represented 
objects less distinct than a six feet tube^ though he 
still thought it would be equal to a three or four feet 
tube directed to common objects. He had seen through 
it Jupiter distinctly, with his four satellites, and also 
the horns or moon-like phases of Yenus, though, he 
confessed, this last }^enomenon required particular 
niceness in adjusting the instrument. 

Although Newton considered this little instrument 
as in itself contemptible, yet he regarded it as an 
*' epitome of what might be done" and he expressed 
his thorough conviction that a six feet telescope might 
he made after this method, which would perform as 
well as a sixty or a hundred feet telescope made in the 
common way; and that if a common refracting telescope 
could be made of the "purest glass exquintely 
polished, with the best figure that any geometrician 
(Descartes, &c.) hath or can design, it would 
scarcely perform better than a common telescope. 
This," he adds, " may seem a paradoxical assertion, yet" 
he continues, " it is the necessary consequence of some 
experiments which I have made concerning the nature 
of light." 

This telescope, which we have been describing pos* 
sesses a very peculiar interest, as being the first re- 
flecting telescope which was ever executed and directed 
to the heavens. Mr. James Gregory had, indeed, a±- 
tempted to construct his instrument some years previ- 
ous. Messrs. Rivers and Cox, who were celebrated 
glass-grinders of that time, were employed by him, 
to execute a concave speculum of six feet radius, and 
likewise a small one ; but as they had failed in polish- 
ing the large one, and as Mr. Gregory was on the eve 
of going abroad, he gave himself no further trouble 
about the experiment, and the tube of the telescope 
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was never made. Some time afterwards, it is true, he 
^^ made some trials both with a little concave and con- 
vex speculnm, but possessed with the fancy of the defec- 
tive figure, he would not be at the pains to fix every 
thing m its due distance." 

Such were the earliest attempts to construct the 
reflecting telescope, that valuable instrument which has 
since been the means of effecting such splendid dis- 
coveries in astronomy. *When we look back firom the 
present advanced state of practical science, how great 
is the contrast between the loose specula of Gregory, 
and the fine Gregorian telescopes of Hadley, Short, 
and Veitch — ^between the diminutive six inch tube of 
Sir Isaac Newton and the forty-feet instrument of 
Herachel, and the huge telescope of Ramage. 

The success of his first experiment inspired Newton 
with fresh zeal, and though his mind was now occu- 
pied with his optical discoveries, with the elements of 
his methods of fluxions, and with the expanding germ 
of his theory of universal gravitation, yet with all the 
ardour of youth he applied himself to the laborious 
operation of constructing another reflecting telescope 
with his own hands. This instrument whidi was con- 
siderably better than the first, though it lay by him 
several years, excited great interest at Cambridge ; ' 
and Sir Isaac himself informs us, that one of the fel- 
lows of Trinity College, had completed a telescope of 
the same kind, which he considered as somewhat 
superior to his own. The existence of these telescopes 
having becon^e known to the Royal Society, as well 
as the history of their invention, Newton received a 
letter from the secretary of the institution, earnestly 
requesting him to send his instrument for examination 
to that learned body. In accordance with this request 
he transmitted it to Mr. Oldenburg in December 1671, 
and from this epoch the name of Newton began to 
acquire that celebrity by which it has continued ever 
since to be so peculiarly distinguished. 

Digitized by VjOOQIC 



^ THB UFB OF 

On ihe llih of January, 1671-2, it was announced 
to the Boyal Society, that Newton's reflecting tde- 
Boope had been shown to the king, and had been 
ttxamined by the pTosident Sir Robert Moray, Sr 
Paul Neale, Sir Christopher Wren, and Mr. Hook. 
These scientific gentlemen entertained so high an 
opinion of the telescope, that, in order to secure the 
iKRiour of the invention to its author, they advised 
fahn to forward a drawing and particular description 
of it to Mr. Hnygens at Paris. Mr. Oldenburg 
according drew up a description of the instrument in 
Latin, which, after b^g revised and corrected by 
BIr. Newton, was transmitted to that celebrated 
philosopher. This telescope is still carefully pre- 
served in the library of the Royal Society of London^ 
with the following inscription :— 

*' Inventbd by Sir Isaac Newton, and made wtth 
HIS OWN hands, 1671." 

We have no evidence that Newton executed any 
oilier reflecting telescopes than the two we have 
mentioned. He informs us, however, that he re* 
poBshed and greatly improved a fourteen feet object- 
glass, executed by a London artist of celebrity, and 
having, in 1678, proposed to substitute glass reflectors 
in place of metallic specula, he tried to make a 
reflecting telescope on this principle four feet long, 
and with a magnif3dng power of 150. The glass was 
wrought by a London artist, and though it appeared 
to be well finished, yet, when it was quicksilvered 
on its convex side, it exhibited all over the glass 
innumerable inequalities, which gave an indistinctness 
to every object. He expresses his firm conviction, 
however, that nothing but good workmanship is 
wanting to perfect these telescopes, and he recom- 
mends their careful consideration ^^ to the curious in 
figuring glasses." 
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Stsrange as it may appear, a period of fiftj yeaxs 
was allowed to elapse before this recommen&timi 
excited any notice. About that tkne, however, Hr. 
James Short, of Edinburgh, an artist of conmumnate 
skill, constructed, in the year 1730, no fewer than 
ox rdlecting telescopes with glass specula; three of 
these were fifteen inches, and three were nine inehea 
in focal length. He found it extremely troublesome 
to giye them a true figure vrith parallel surfaces ; and 
fiOTeral of them when finmhed turned out useless, in 
consequence of the reins which appeared in the glass. 
Although these instruments perfonned perfectly we3l^ 
yet the light was fiiinter than he expected, and from 
this cause, combined with the difficulty of finishmg 
them, he afterwards devoted his labours solefy to 
those with metallic specula. 

At a later period, in 1822, Mr. G. B. Airy of 
Trinity College, Cambridge, and one of tiie dimn- 
guished successors in the Lucasian chair of Matbe» 
matics in that university, resumed the consideration 
of glass specula, and dearly denlcmstrated that the 
observation both of figure and colour might be cor* 
yected in these instruments. Upon this ingenious 
principle. Professor Airy executed more than one 
telescope, but though the result of the experiment 
:wa8 such as to excite hopes of ultimate success, yet 
the construction of such instruments is still a de- 
saderatum in practical science. 

Such were the attempts which Sir Isaac Nev^ton 
made to construct reflecting telescopes ; but notwith- 
standing the success of his labours, neither the philo- 
sopher nor the practical optician seems to have be^ 
possessed of that patient and accurate investigation 
necessary to pursue them. A London artist, of con- 
siderable skill, undertook to imitate these instruments; 
but Sir Isaac informs us that '^ he fell much short of 
what he had attained, as he afterwards ascertained hy 
discoursing with the under-workmen he had em- 
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After a long period of fifty years, John 
adley, Esq., of Essex, a Fellow of the Royal So- 
ciety, began, in 1719 or 1720, to execute a reflecting 
telescope. The scientific knowledge of this gentle- 
man, and his manual dexterity, fitted him admirably 
for the task ; and — ^probably after many failures — he 
constructed two large telescopes, about five feet three 
inches long — one of which, with a speculum six 
inches in diameter, was presented to the Royal So- 
4;iety, in 1723. The celebrated Dr. Bradley and the 
Bey. Mr. Pound compared this telescope with the great 
Huygenian refractor, 123 feet long. It'bore as high 
a magnifjring power as the Huygenian telescope : it 
showed objects equally distinct, though not altogether 
80 clear and bright : and it exhibited every cdlestial 
object that had been discovered by Huygens — ^viz., the 
^ve satellites of Saturn; the shadow of Jupiter's 
satellites on his disc , the black list in Saturn's ring, 
and the edge of his shadow cast on the ring. Encou- 
raged and instructed by Mr. Hadley, Dr. Bradley 
began the construction of reflecting telescopes, and 
succeeded so well, that he would have completed one 
of them, had he not been under the necessity of 
changing his residence. Some time afterwards, he 
and the Honourable Samuel] Mol3meux undertook the 
task together, at Kew, and attempted to execute spe- 
cula about twenty-six inches in focal length ; but not- 
withstanding the Doctoi^s former experience, and Mr. 
Hadley's frequent instructions, it was a long time be- 
fore they succeeded in their undertaking. The first 
good instrument which they completed was in May, 
1724. It was twenty-six inches in focal length ; but 
they afterwards constructed a very large one of eight 
feet, the largest that had ever been made. The first 
of these instruments was afterwards elegantly fitted 
up, and presented by Mr. Molyneux, to his Majesty, 
John v., King of Portugal, a zealous patron of all 
the sciences. 
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The great oljject of these two able astronomers ap* 
pears to have Been to reduce the method of making^ 
specula to such a degree of certainty, that they could 
be manufactured for public sale. Mr. Hauksbee had 
indeed made a good one, about three and a half feet 
long, and proceeded to the execution of two others — 
one of six feet, and another of twelve feet in focal 
length ; but Mr. Scarlet and Mr. Heame, having re- 
ceived all the information which Mr. Molyneux had 
acquired, constructed them for public sale ; and the 
reflecting telescope has ever since continued to be an 
article of trade with every regular optician. 

** As Sir Isaac Newton," observes his modem bio- 
grapher, ^' was at this time President of the Boyal 
Society, he had the high satisfaction of seeing his own 
invention become an instrument of public use, and of 
great advantage to science ; and he no doubt felt the 
rail influence of this trial of his skill. Still, however, 
the reflecting telescope had not achieved any new dis- 
covery in the heavens. The latest accession to astro- 
nomy had been made by the ordinary refractors of 
Hnygens, labouring under all the imperfections of 
coloured light ; and this long pause in astronomical 
discovery seemed to indicate that man had carried ta 
its furthest limits his power of penetrating into the 
depths of the universe. This, however, was only on^ 
of those stationary positions from which human ge- 
nius takes a new and loftier elevation. While the 
^English opticians were thus practising the recent art 
of grinding specula, Mr. James Short, of Edinburgh, 
v^as devoting to the subject all the energies of his 
youthful mind. In 1732, and in the 22nd year of his^ 
age, he began his labours ; and he carried to such high 
perfection the art ^f grinding and polishing specula, 
and of giving them the true parabolic flgure, that, 
^th a telescope fifteen inches in focal leng^ he read 
in the Philosophical Transactions, at the dii^nnce of 500 
feet> and fregtuently saw the five satellites of Satunr 
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together — a power which was even beyond the reach 
of Hadley's six-foot inatrament. The oelebratod 
Hadaiuin oonqmred the telesoopeB of Short with 
those made by the best Londoa artists ; and so great 
was their superiority, that his small telescopes were 
invaEiably superior to laiger ones fiN>m London. In 
1742, after he had setUed as an optician in the metro- 
polis, he ezecnted for Lord Thomas Spencer a xeAect* 
ing telescope, twelve feet in focal lo^gth, for MBO ; 
in 1752, he o(»npleted one for the King of Spain, at 
the e^ense of X1200 ; and a short tinte before his 
death, which took place in 1768, he finished the 
specula of the large telescope which was monnted 
equatorially for me observatory of Edinburgh, by 
h£ brother, Thomas Short, who was offered twelve 
hundred guineas for it by tiie King of Denmark. 

^^ Although the superiority of these instruments, 
which were all of the Gregorian form, demonstrated 
the value of the reflecting telescope, yet no skilful 
hand had yet directed it to the heavens ; and it was 
reserved for Dr. Herschel to employ it as an instru- 
ment of discovery — ^to exhibit to the eyes of men new 
worids, and new systems ; and to bring within the 
grasp of his reason those remote re^ons of space to 
which his imagination even had Scarcely ventured to 
extend its power. So early as 1774, he completed a 
^v^-foot Newtonian reflector ; and he afterwards exe- 
cuted no fewer than two hundred seven -feet, one hun- 
dred and fifty ten-feet^ and eighty twenty-feet spe- 
cula. Li 1781, he began a reflector thirty feet long, 
and having a speculum thirty-six inches in diameter ; 
and under the magnificent patronage of George III. 
he completed, in 1789, his gigantic instrument, forty 
feet long, with a speculum forty-nine and a half inches 
in diameter* The genius and perseverance which 
created instruments of such transcendant magnitude 
were not likely to terminate with their construction. 
In the examination of the stany heav^is, the ulti-* 
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mate object of hia labours, Dr. Herscfaol esliibited tto 
same exalted qualifications ; and in a few yeais hd 
lose from the level of humble life to the enjoyment of 
a name more glorious than that of the sages and war^ 
riocs of ancient times, and as immortal as the objects 
with which it will be for ever associated. Nor was it 
ia the ardour of the spring of life that these triumphs 
of reason were achieved. Dr. Herschel had reached 
the middle of his course before his career of discovery^ 
b^aa ; and it was in the autumn and winter of hia 
days that he reaped the full laurels of his glory. Tha 
discovery of a new planet at the verge of the solas 
system was the £rst trophy of his skill ; aad new 
double and multiple stars, and new nebulas and groups: 
of celestial bodies, were added in thousands to thee 
system of the universe. The spring-tide of know- 
ledge which was thus let in upon the human mind, con- 
tinued for a while to spread its waves over Europe ; 
but when it sank to its ebb in England, there was no 
other bark left upon the strand than that of the Deu- 
calion of Science, whose home had been so long upon^ 
the waters. 

" During the life of Dr. Herschel, and during the 
reign, and within the dominions of his royal patron, 
four new planets were added to the solar system, but 
they were detected by telescopes of ordinary power; 
and, we venture to state, that since the reign of 
George III. no attempt has been made to keep up 
the continuity of Dr. Herschel's discoveries. 

^^ Mr. Herschel, his distinguished son, has indeed 
completed more than one telescope of considerable 
size ; — Mr. Ramage, of Aberdeen, has executed re- 
flectors rivalling almost those of Slough ; — and Lord 
Oxmanstown, an Irish nobleman of high promise, i» 
now engaged on an instrument of great me. But 
what avails the enthusiasm and the efforts of in- 
dividual minds in the intellectual rivalry of nations ? 
Wh^ the proud science pines ia obscurity, bl^l^ed 
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by the absence of royal fevour, and of the nationV 
sympathy ; — when its chivaby fall nnwept and nn- 
honoured; — ^how can it sustain the conflict against 
the honoured and marshalled genius of foreign lands ?" 
Newton's great discoveries in the science of optica 
formed the principal subjects of his lectures in the 
University of Cambridge during the years 1669*, 
1670, and 1671, and his new theory of light and 
colours was explained, with a clearness arising from 
perfect knowledge, to the satisfaction of a crowded 
and admiring audience ; yet it is a singular circum- 
stance that these discoveries should not have become 
public through the conversation or correspondence of 
his pupils. The Royal Society had acquired no 
knowledge of them till the beginning of 1672, and 
his reputation in that body was founded chiefly on his 
reflecting telescope. On the 23rd of December, 1671, 
the celebrated Dr. Seth Ward, Lord Bishop of 
Sarum, who was the author of several able works on 
astronomy, and had filled the astronomical chair at 
Oxford, proposed Mr. Newton as a Fellow of the 
jRoyal Society. The satisfaction, which he derived 
from this circumstance appears to have been consider- 
able ; and in a letter to Mr. Oldenburg,' of the 6th of 
January, he says, " I am very sensible of the honour 
done me by the Bishop of Sarum in proposing me a 
candidate; and which, I hope, will be further con- 
ferred upon me by my election ; and if so, I shall 
endeavour to testify my gratitude, by communicating^ 
what my poor and solitary endeavours can efiect 
towards the promoting your philosophical designs." 
His election accordingly took place on the 11th of 
January, the same day on which the Society agreed 
to transmit a drawing and description of his reflecting 
telescope to Mr. Huygens at Paris. The notice of his 
election, and the thanks of the Society for the commu- 
nication of his telescope, were conveyed in the same 
letter, with an assurance that the society *^ would 
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ilJce care that all right should be done him in the 
matter of this invention." In his next letter to Mr. 
Oldenburg^ written on the 18th of January, he 
announces his optical discoveries in the following re- 
markable manner : — ^' I desire that in your next letter 
you would inform me for what time the society con- 
tinue their weekly meetings; because if they con- 
tinue them for any time, I am purposing them, to be 
considered of and examined, an account of a philoso- 
phieal discovery which induced me to the making of 
the said telescope ; and I doubt not but will prove 
much more grateful than the communication of that 
instniment ; being in my judgment the oddest, i£ 
not the most considerable, detection which hath 
hitherto been made in the operations of nature/' 

This " considerable detection" was the discovery of 
the different refrangibility of the rays of light which 
we have already explained, and which led to thereon- 
Struction of his reflecting telescope. It was com- 
municated to the' Royal Society in a letter to Mr. 
Oldenburg, dated February 6th, and excited, as 
might have been expected, the greatest interest 
among the members of that distingished body. The 
" solemn thanks" of the meeting were ordered to be 
transmitted to its author for his ^' very ingenious dis- 
course." A strong desire was expressed to have it 
immediately printed, both for the purpose of having 
it well examined and considered by philosophers, and 
for ^^ securing the considerable notices thereof to the 
author against the arrogation of others," and Dr. 
Seth Ward, Bishop of Sarum, Mr. Boyle, and Dr. 
Hooke, were desired by the Society to peruse and 
consider it, and to bring in a report upon it. 

It is reputed that Isaac Newton was at this period 
so poor that he was compelled to apply for a dispen- 
sation from the usual payment of one shilling weekly, 
which is contributed by each member towards the 
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expeosefi of the Royal Society. He had no income 
bat what he derived from his college and his profeflK 
florship, the produce of his small estate being absorbed 
in supporting his mother and her family. His per- 
sonal wishes, however, were so moderate, that he never 
could regret the want of money, except in as much as 
it limited his purchases of books and scienti£cal 
instruments, and restricted his power of relieving the 
distresses of others. 

The kindness of the Royal Society in admitting 
him as a member, and the anxiety which they had 
already evinced for his reputation, excited on the part 
of Newton a corresponding feeling, and he gladly 
accepted of their proposal to publish his discourse ia 
the monthly numbers in which the Tansactions of 
the Society were then given to the world. In a letter 
to Mr. Oldenburg, dated February 10th, he says, "It 
was an esteem of the Royal Society for most eaa- 
did and able judges in philosophical matters, encoor* 
aged me to present them with that discourse of light 
and colours, which since they have so favourably ac- 
cepted of, I do earnestly desire you to return them 
my cordial thanks. I before thought it a great 
honour to be made a member of that honourable 
body; but I am now more sensible of the advan- 
tages ; for, believe me, sir, I do not only esteem it a 
duty to concur with you in the promotion of real 
knowledge; but a great privilege, that, instead of 
exposing discourses to a prejudicial and common mul- 
titude, (by which means many truths have been baf- 
fled and lost ;) I may, with freedom, apply myself to 
so judicious and impartial an assembly. As to the 
printing of that letter, I am satisfied in their judg- 
ment, or else I should have thought it too straight 
and narrow for public view. I designed it only to 
to those that know how to improve upon hints of 
things; and, therefore, to spare tediousness, omitted 
many such remarks and experimepts as might be col- 
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lected by consideriDg the assigned laws of refractions ; 
some of which, I believe, with the generality of men, 
wonld yet be almost as taking as any I have de- 
scribed. But yet, since the Royal Society have 
l^ought it fit to appear publicly, I leave it to their 
pleasure : and, perhaps, to supply the aforesaid defects, 
I may send you some more of the experiments to 
sec(»id it (if it be so thought fit) in the ensuing 
Transactions." 

In following the order which Newton himself 
adopted, we have endeavoured to give an account of 
the leading doctrine of the different refrangibility of 
light, and of the various attempts to improve the 
reflecting telescope which that discovery suggested* 
We shall now, therefore, further endeavour to make 
the reader acquainted with the discoveries respecting 
colours, which he at this time communicated to the 
Soyal Society of London. 

Having determined, by experiments which we have 
already described, that a beam of white light, as 
emitted from the sun, consisted of seven difierent co- 
lours, which possess difierent degrees of refrangibility ; 
be measured the relative extent of the coloured spaces 
on the wall, and found them to have the proportions 
aceording to their different degrees of refrangibility ; 
the prismatic spectrum is nothing more than an elon« 
gated image of the sun produced by the rays of the 
sun being separated in different degrees from their ori- 
ginal direction, the red being refracted least, and the 
violet most powerfully. 

if we consider light as consisting of minute parti- 
cles of matter, we may form some notion of its decom- 
position by the prism from the following popular illus- 
tration. '^ If we take steel filings of seven different 
degrees of fineness and mix them together, there are 
two ways in which we may conceive the mass to be 
decomposed, or, what is the same thing, all the differ- 
ent kinds of filings separated from each other. By 
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means of seven sieves of different degrees of fine- 
ness, and so made that the finest will just transmit the 
finest powder and detain all the rest, while the next in 
fineness transmits the two finest powders and detainiS 
all the rest, and so on, it is obvious that all the pow- 
ders may be completely separated from each other. If 
we again mix all the steel filings, and laying them upon 
a table, hold high above them a flat bar magnet, so that 
more of the filings are attracted, then if we bring the 
magnet nearer and nearer, we shall come to a point 
where the finest filings are drawn up to it. These 
being removed, and the magnet brought nearer still, 
the next finest powder will be attracted, and so on till 
we have thus drawn out of the mass all the powders in 
a separate state. We may conceive the bar magnet to 
be inclined to the surface of the steel filings, and so 
moved over the mass, that at the end nearest to them 
the heaviest or coarsest will be attracted, and all the 
remotest and the finest or lighter filings, while the rest 
are attracted to intermediate points, so that the seven 
different filings are not only separated but are found 
adhering in separate patches to the surface of the flat 
magnet. The first of these methods with the sieves 
may represent the process of decomposing light by 
which certain rays of white light are absorbed, or sti- 
fled, or stopped in passing through bodies, while cer- 
tain rays are transmitted. The second method may re- 
present the process of decomposing light by refraction, 
or by the attraction of certain rays further from their 
original direction than other rays, and the different 
patches of filings upon the flat magnet may represent 
the spaces on the spectrum. 

When a beam of light is decomposed into the seven 
different colours of the spectrum, every particular co- 
lour, when once separated from the rest, is not suscep- 
tible of any change, or farther decomposition, whether 
it is refracted through prisms or reflected from mirrors. 
It may become fainter or brighter, but Newton never 
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coiild, by any process, alter its colour or its refrangi- 
biHty. 

Among the various bodies wbich act upon light, it is 
conceivable that there might have been some which 
acted least upon the violet rays and most upon the red 
rays. Newton foimd, however, that this never took 
place ; but that the same degree of refrangibility al- 
ways belonged to the same colour to the same degree 
of refrangibility. 

Having thus determined that the seven diiSerent co- 
lours of flie spectrum were original or simple, he was 
led to the conclusion that whiteness, or white light, is 
a compound of all the seven colours of the spectrum, 
in the proportions in which they are represented on the 
wall. In order to prove this, or what is called the 
recomposition of white light out of the seven colours, 
he employed three different methods. 

When the beam was separated into its elementary 
colours by the prism, he received the colours upon 
another prism, held either close to the first or a little 
behind it, and by the opposite refraction of this prism 
they were all refracted back into a beam of white 
light, which formed a white circular image on the wall,, 
similar to what took place before any of the prisms 
were placed in its way. 

The other method of recomposing white light coa- 
msted in making the spectrum fall upon a lens at some 
distance from it. When a sheet of white paper was held 
behind the lens, and removed to a proper distance, the 
colours were aU refracted into a circular spot, and so 
blended as to reproduce light so perfectly white as not 
to differ sensibly from the direct light of the sun. 

The last method he adopted of recomposing white 
light was one more suited to common apprehensions. 
It consisted in attempting to compound a white by 
mixing the coloured powders used by painters. He 
was aware that such colours, from their very nature, 
could not compose a pure white ; but even this imper- 
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fection in the experiment he removed by an ingenious 
device. He accordingly mixed one part of red lead, 
four parts of blue bise, and a proper proportion of or- 
piment and verdigris. This mixture was dun, like 
wood newly cut, or like the human skin. He now 
took one-third of the mixture and rubbed it thickly oh 
the floor of his room, when the sun shone upon it 
through the opened casement, and beside it, in the 
shadow, he laid a piece of white paper of the same 
size. " Then going from them" he says, " to the dis- 
tance of twelve or eighteen feet, so that I could not 
discern the unevenness of the surface of the powder, 
nor the little shadows let fall from the gritty piyrticles 
thereof; the powder appeared intensely white, so as to 
transcend even the paper itself in whiteness." By ad- 
justing the relative illumination of the powders and 
the paper, he was able to make them both appear of 
the very same degree of whiteness. " For," says he, 
** when I was trymg this, a friend coming to visit me, 
I stopped him at the door, and before I told him what 
the colours were, or what I was doing, I asked him 
which of the two whites were the best, and wheieia 
they difi^ered ? And after he had, at that distanoe^ 
viewed them well, he answered that they were both 
good whites, and that he could not say which was 
best, nor wherein their colour diflFered." For this 
reason Newton inferred that perfect whiteness may be 
compounded of different colours. 

As all various shades of colour which appear in the 
material world can be imitated by intercepting certain 
rays in the spectrum, and uniting all the rest, and as 
bodies always appear of the same colour as the light 
in which they are placed, he concluded, that the co- 
lours of natural bodies are not qualities inherent in 
the bodies themselves, but arise fn>m the disposition 
of the particles of each body to stop or absorb certain 
rays, and thus to reflect more copiously the rays which 
are not thus absorbed. 
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No sooner were these discoveries given to the world 
than they were opposed with a degree of virulence 
and Ignorance which have rarely been combined in 
scientific controversy. Unfortunately for Newton, 
the Eoyal Society at that time contained very few 
individuals of pre-eminent talents, capable of appre- 
ciating the truth of his valuable discoveries, and of 
proted^ing him against the malevolent shafts of his 
envious and ignorant assailants. This eminent body, 
while they held his labours in the highest esteem, 
were still of opinion that his discoveries were fair sub- 
jects of discussion, and thdr secretary accordingly 
communicated to him all the the papers which were 
written in opposition to his views. The first of these 
was by a Jesuit named Ignatius Pardies, Professor of 
Mathematics, at Clermont, who pretended that the 
«loiigatioa of the sun's image arose from the unequal 
incidMiee of the difPeient rays on the first face of the 
piOBni, although Newton had demonstrated to a oer^ 
tainty in his own discourse that this was not the ca«e# 
la Apiil, 1672, Newton transmitted to Oldenburg a 
decisive rqply to the animadversions of Pardies ; bctt, 
unwiUiBg to be vanquished, this disciple of Deseartefe 
took xnp a firesh poeition, and maintained that the 
^ongsd<A of the spectrum might be explained by the 
diffusian of light on the hypothesis of Grimaldi, or hy 
the ^fibsion of undulations on the h3rpothesis of 
Hook. Newton again replied to these feeble reason- 
ings ; but contented himself with repeating his origi* 
aal experiments, and confirming them by more popu-* 
lar aiguments, apparently better suited to the com- 
prehension of Pardies, as the vanquished Jesuit wisely 
quitted the field. 

Another combatant soon sprang up in tibe person of 
one Francis Linus, a physician in Liege, who, on tho 
6th id October, 1674, addressed a letter to a friend 
in London^ containing animadversions on Newton's 
doctrine of colours. He boldly affinned, that in a 
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perfectly clear sky, the image of tbe son made by a 
prism is never elongated, and that the spectrum ob- 
served by Newton was not formed by the true son- 
beams, but by rays proceeding firom some bright cloud. 
In support of these assertions, he appeals to frequently 
repeated experiments on the refractions and the re* 
flexions of light which he had exhibited tliirty yeazs 
before to Sir Kenelm Digby, who took notes upon 
them ; and he unblushingly states, that if Newton had 
used the same industry as he did, he would never 
have ^^ taken so impossible a task in hand, as to ex- 
plain the difference between the length and breadth of 
the spectrum by the received laws of re&action." 
When this letter was shown to Newton, he considered 
it below his notice, and refused to answer it ; but a 
letter was sent to Linus referring him to the answer 
given by Mr,^ Newton to'Pardies, and assuring him 
that the experiments on the spectrum were ma4e at 
a time when there was no bright cloud in the 
heavens. This reply, however, did not satii^ the 
Dutch experimentaUst, and he addressed another 
letter to his friend in London, on the 25th of 
February, 1675, in which he gravely attempted to 
prove that the experiment of Newton was not made 
in a clear day; that the prism was not close to the 
hole ; and that the length of the speculum was not 
perpendicular or parallel to the length of the prism* 
Such assertions could not but irritate even the patient 
mind of Newton. He several times declined the 
earnest request of Mr. Oldenburg to answer these ob- 
servations ; he observes, that as the dispute referred 
to*matters of fact, it could only be decided before 
competent witnesses, and he refeired to the testimony 
of those who had seen his experiments. The en- 
treaties of Oldenburg, however, prevailed over his 
own better judgment ; and '^ lest Mr. Linus should 
ndake more stir," this illustrious philosophy was 
compelled to draw up a long and explanatory reflj to 



y Google 



SIB ISAAC xonrroK. 57 

reasoiuagsirhich he coitsidered utterly contemptible, 
and to assertions, altogether withont foundation. 
This answer, dated November Idth, 1675, would- 
scaceely have be^ perused by Linus, who died on the 
15th of December, when his pupil Mr. Gascoigne 
took up <the cause, and dedaxed tiiat Linus had shown 
to various persons in Liege his ea^riment, which 
proved the spectrum to be circular, and that Newton 
could not be more confident on his side than they 
were on the other. He admitted, however, that the 
different results mi^t arise firom difi^nt ways of 
placing the prism. Pleased with the ^^ handsome ge- 
nins cl Mr. Gascoigne's letter," Newton replied to it, 
and suggested that the spectrum seen by Linus may 
have been the circular eye formed by one reflection, 
or, what he thought more probable, the circular one 
formed by two refractions, and one intervening re- 
flexion from the base of the prism, which wotdd be 
colouredif the prism was not an isosceles one. This sug* 
gestion appears to have enlightened the Dutch philo* 
sophos. Mr. Gascoigne having no conveniences fot 
making the experiments pointed out by Newton, re- 
quested Mr. Lucas of Liege to perform th^n in his 
own house. This ingenious gentleman, whose letter 
gave evident satisfaction to Newton; and deservet 
the highest praise, confirmed the leading results of 
ike English philosopher ; but though the refracting 
angle of his prism was 60 degrees, and the refiractiona 
equal, he never could obtain a spectrum whose length 
was more than from three to three and a half times its 
i>readth, while Newton foimd the length to be five 
times its breadth. In Newton's reply he directs the 
attention of his correspondent principally to this point 
of difference. He repeated his measures with each 
of the three angles of three different prisms, and he 
affirmed that Mr. Lucas might ^' make sure to find 
the image as long or longer than he had yet done," 
by taking a prism with plain surfaces, and with an 
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aagle of 66 or 67 degress. He admitted that the 
fitnudlness of the an^le in Mr. Lucas's prism, viz, 60 
degrees, did not aocount for the shortness of the spec- 
tnim which he ohtained with it ; and he observed in 
one of his own prisms that the length of the image 
was greater in proportion to the refracting angle thjut 
it should have been ; an effect which he ascribes to 
its having a refractive power. Newton speaks with 
singular poativeness on this subject. *' For I know," 
says he, ^^ that Mr. Lucas's observations eannoC 
hold yrhete the refracting angle of the prism is full 
60 degrees, and the day is clear, and the full length 
of the colouns is measared, and the breadth of 
the image answers to the sun's diameter: and 
Bering I am well amired of the truth and ex« 
aotness of my own obsevratioiis, I shall be nil* 
willing to be diverted by any other experiments 
from having a fidr end made of this in tha 
ftnt place." There oan be no doubt that the prism 
made use of l^ Lucas had actually a less diBpecrive 
pow«r l^aa that of Newton : and hsSd the INitoh 
pUlosqpher measnved ita refractive powers instead ai 
guessing it, or had Newton been leas confident than 
he loaUy was, that all other prisms must ^ve a spec** 
taimi^ the same length as his in relation toitsre- 
fnaeling ang^ and its index of re&action, the inven* 
tien of the aduomatic telescope would have been the 
neosnary resnlt. The objections of Luoas, however, 
forced our philosopher to make experiments which he 
kfed never before thought of— to measure accurately 
the length of the spectrum with different prisms of 
different angles and di%rent refractive powers ; asd 
had Lucas maintained his position with greater obsti- 
nacy, he would have conferred a distinguished favour 
upon science, and would have rewarded Newton for 
aU the vexation which had sprung from the disagree^ 
able discussion of his optical experiments. 
Sttch was the tennination of Newton's disputes with 
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the Dutch philosophers, and there is every reason to 
believe that it cost him more tronhle to detect the 
origin of his adversaries' mistakes, than to establish 
the important truths which they had attanptedto 
overturn. 

Harrassing as such a controversy must have beem 
to a philosopher like Newton, yet it did not touch 
those deep-seated feelings which characterize the noble 
and generous soul. No rival jealousy yet embittered 
the arguments of his ODponents ; — ^no charges of pb^ 
giarism were yet directed against his personal character. 
These aggravations of scientific controversy, however, 
were yet in store for him ; and the dispute which he 
was called to maintain with Hooke and Huygens wae 
painfully increased by the personality and jealousy 
witii which it was conducted. 

Dr. Robert Hooke was about sev>»i years dder thvn 
Newton, observes the biographer of Newton, and was 
one of the ninety-eight original or unelected membeEl 
of tibe Royal Society of London. He possessed grmt 
-v^unatility of talent, yet^ though his genius was of the 
most original cast^ and his acquirements extensive, he 
had not devoted himself with fixed purpose to any 
pMriaksolar branch of knowledge. His numerous and 
ii^eaious inventions, of which it is impossiUe to speak 
in terms of too tnuch praise, gave to his studies ft 
piaclical turn which unfitted him for that patieirt 
lalxmr and investigation which physiod researches so 
imperiously demand. The subjects of light, however, 
and of gravitation, appear to have deeply occupied his 
thoughts before Newton appeared in the fidd, and 
there can be but little doubt that he had node con- 
siderable progress in both of these inquiries. With a 
mind less divergent in its pursuits, and more endowed 
with patience of thought, he might succes^ully have 
unv^ed the mysteries in which both these subjects 
were enveloped, and pre- occupied the intellectaal 
thdnoe which was destined for his rival; but the in* 
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finn state of his Jiealth; the peevishness of temper 
which this ocoaffloned ; the nnmher of unfinished in- 
ventions from which he looked both for fortune and 
bme; and, above all, his extravagant love of reputa^ 
tion, distracted and broke down the energies of his 
powerful intellect. In the more extensive inquiries of 
Newton, he often recognised his own incompleted 
speculations ; and when he saw others reaping that 
glorious harvest for which he considered he had pre- 
pared the ground, and of which he had sown the 
seed, it was not easy for him to suppress the 
deep mortification which Newton s success inspired. 
In the history of science, as in all other history, it is 
a difficult matter to adjust the rival claims of com- 
petitors, when the one was allowed to have completed 
what the other had begun. He who commences an 
inquiry and proclaims the results to the world, often 
goes much further than he has announced, and, push- 
ing his speculations into the very heart of the subject, 
frequently submits them to the ear of friendship. 
From the pedestal of his published labours his rival 
begins his researches, and brings them to a successful 
issue ; while he has, in fact, done nothing more than 
completed and demonstrated the imperfect speculations 
of his predecessor. To the world, and to himself, he 
is in the position of the principal discoverer; but there 
is still some apology for his rival when he brings for- 
ward his unpublished labours ; and some excuse for 
the exercise of personal feeling, when he measures the 
speed of his rival by his own proximity to the goal. 

The conduct of Dr. Hooke would have been viewed 
with some such feeling, had not his arrogance on other 
occasions checked the natural current of our sym- 
pathy. When Newton presented his reflecting tele- 
scope to the Royal Society, Dr. Hooke not only criticised 
the instrument with undue severity, but announced 
that he possessed an infallible method of perfecting all 
kinds of optical instruments, so that '^ whatever almost 
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hath been in notion or imagination, or desired in 
optics, may be performed with great fiicility and 
truth." 

Hooke had been strongly impressed with the belief, 
that light consisted in the undulations of a highly 
elastic medium pervading all bodies ; and, guided by 
his experimental investigation of the phenomena of 
diffraction, he had even announced the great principle 
of interference, which has performed such an impor- 
tant part in modem science. Regarding himself 
therefore, as in possession of the true theory of Ught, 
he examined the discoveries of Newton in their re- 
lation to his own speculative views, and finding that 
their author was disposed to consider that element aa 
consisting of material particles, he did not hesitate to 
reject doctrines which he believed to be incompatible 
with truth. Dr. Hooke was too accurate an observer, 
not to admit the general correctness of Newton's ob- 
servations. He allowed the existence of differ^t 
refractions, the unchangeableness of the simple colourS) 
and the production of white light by the union of all 
the colours of the spectrum; but he confidently 
maintained that the different refractions arose from 
the splitting and rarefying of ethereal pulses, and 
that th^e are only two colours in nature, viz: red 
and violety which produce by their mixture all the 
rest, and which are themselves formed by two sides 
of a split pulse or imdulation. 

In reply to these observations, Newton wrote an 
able letter to Mr. Oldenhurg, dated June 11th, 1762, 
m which he examined with great boldness and force 
of argument, the various objections of Dr. Hooke, 
and maintained the truth of his doctrine of colours, as 
independent of the two hypotheses respecting the 
origin and production of light. He acknowledged his 
own partiality to the doctrine of the materiality of 
light ; he pointed out the defects of the undulatory 
theory; he brought forward new experiments in 
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eonfinnation of his former results; and he refnted the 
opinioiiB of his opponent, respectbg the [existence of 
only two simple colours. No reply was made to the 
powerfol arguments of Newton, which our limits 
prohibit us from giving in fiiU, and Dr. Hooke con- 
tvnted himself with Ia3dng before the society, his 
carious and interesting obs^rations on soap bubbles, 
and of plates of air, and in pursuing his experiments 
on the di£Braction of light. 

Mr. Newton had no sooner silenced this most 
powerful of his opponents, than he was again called 
into the field to defend his discoveries against a new 
enemy. Christian Huyg^ds, an eminent mathema- 
tician and natural philosopher, who, like Dr. Hooke, 
had maintained the undulatory theory of light, trans- 
mitted to Mr. Oldenburg various animadversions on 
the Newtonian doctrine, but though his knowledge of 
optics was most extensive, yet his objections were 
nearly as groundless as his lesB-enlightened counioy- 
mfm. Attached to his own hypothesis respecting the 
nature of light, namely to the system of undulation, 
he se^ns like Hooke, to have regarded the discovmes 
of Newton, as calculated to overturn it, but his 
principal objections related to the composition o£ 
colours, and particulariy of white light, vi^iich he 
alleged could be obtained from the union of twa 
colours. Yellow and Blue. To this and similar 
objections Newton replied, that the colours in question 
were not simple yellows and blues, but were com- 
pound colours, in which, together, all the colours of 
the spectrum were themselves blended ; and though 
he evinced some strong traces of feeling at being again 
called upon to answer such frivolous objections, yet 
his respect for Huygens induced him to enter with 
patience on a fr^sh development of his doctrine. 
Huygens felt the reproof which the tone of this 
answer so gently conveyed, and in writing to Olden- 
burg, he made use of the words, that Mr. Newtoa 
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^* maintuned his doctrine with some concern/' To 
this Newton replied, " As for Mr. Huygens* expres- 
sion, I confess it was a little ungrateful to me, to meet 
-with objections which had been answered before, 
-withont having the least reason given me why those 
were insufficient/' But though Huygens appears in 
this controversy as a rash objector to the Newtonian 
doctrine, it was afterwards the fate of Newton to play 
a similar part against the Oateh philosopher, when 
be publii^ed his beautifal law of double r^&action in 
lodbmd spar, founded on the finest experimental ana- 
lysis of the phenomena, though presented as a result 
of the undulatory system. Newton unhesitatingly 
re||eeted it, and substituted for it another law entirely 
inooiuistent with the experiments of Huygens, and 
with those of all succeeding philosophers. 

Even the calm temper of Newton was ruffled on 
aceount of these controversies ; the satisfaction of 
humbling sdl his antagonists was not a sufficient con^ 
pensation for the disturbance of his tranquillity. In 
his letter to Oldenburg, containing his first reply to 
Huygens, he says — " I intend to be no farther solicit- ^ 
ons about matters of philosophy. And, therefore, I 
hope you will not take it ill if you find me never doing 
a&ything more in that kind ; or rather, that you will 
fiivour me in my determination, by preventing, so far 
as you can conveniently, any objections or other phi- 
losophical letters that may concern me." In a subse- 
quent letter to the same gentleman, he says — '^ I had 
some thoughts of writing a further discourse about 
^jolours, to be read at one of your assemblies ; but 
find it yet against the grain to put pen to paper any 
more on that subject:" and in a 'letter to Leibnitz, 
dated December 9th, 1675, he observes — " I was so 
persecuted with discussions arising from the publica- 
tion of my theory of light, that I blamed my own y 
imprudence for parting with so substantial a blessing 
as my quiet to run after a shadow." 
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CHAPTER HI. 

Hall invents the Achromatic Telescope. Principles of it explained. 
Re-ioTented by Dollandj and Improved by future Artists. Blair's 
Achromatic Telescope. Mistakes in Newton's Analysis of the Spec- 
trum. Structure of the Spectrum* Colours of thin Plates. Newton 
determines the law of their production. His Ttieory of fits of easy 
reflexion and transmission. Colours of thick Plates. Newton's 
Theory of the Colours of Natural Bodies explained. 

There is no fact In the histoiy of science more sin^ 
gular than that Newton should have concluded that 
aU bodies produced spectra of equal length, or sepa* 
rated the red and violet rays to equal distances wheu 
the refraction of the mean rays was the same. This 
opinion, unsupported by experiments, and not even 
sanctioned by any theoretical views, seems to have 
been impressed firmly upon his mind with all the force 
of a self-evident proposition. Even the shortness of 
the spectrum, observed by^his opponent at liege, did 
not rouse him to ftirther inquiry ; and when, under the 
influence of this blind conviction, he pronounced the 
improvement of the refracting telescope to be despe- 
rate, he checked for a long time the progress of this 
branch of science, and furnished to future philosophers 
a lesson which cannot be too deeply studied. 

In 1729, about two years after the death of Sir 
Isaac Newton, an individual unknown to the scientific* 
world broke the spell in which the subject of the 
spectrum had been so loi^ and so singularly bound. 
Mr. Chester More Hall, of More Hall, in Essex, while 
studying the mechanism of the human eye, was led to 
suppose that telescopes might be improved by a com- 
bination of lenses of different refractive powers, and 
he actually completed several object glasses upon this 



y Google 



Sm 2BAA€ NEWTON. 65 

principle. We are not informed of the steps by which 
he arrived at such a construction: but it is certain 
that he must have made a discovery which had escaped 
the sagacity of Newton — ^that prisms made of different 
kinds of glass produced different degrees of separation 
of the red and violet rays, or gave spectra of different 
lengths when the refraction of the middle ray of the 
spectrum was the same. 

In order to explain how such a property led Mr. 
Hall to the construction of a telescope without colour^ 
or an achromatic telescope, let us take a lens of crown 
or plate glass, whose focal length is about twelve 
inches. When the sun s rays fall upon it the red will 
be refracted more than the yellow, and the yellow 
than the violet. If we now place behind it a concave 
lens of the same glass and of the same focus or curva- 
ture, it will be found both by experiment, and by 
drawing the refracted rays, according to the rules 
^ven in elementary works, that the concave glass 
will refract the rays free of all colour ; but as these 
rays will be parallel, the two lenses will not have a 
focus, and consequently cannot form an image so as to 
be used as the object glass of a telescope. This is ob- 
vious from another consideration ; for since the cur- 
vatures of the convex and concave lenses are the same, 
the two put together will be exactly the same as if 
they were formed out of a single piece of glass, 
having parallel surfaces like a watch glass, so that 
the parallel rays of light will pass on in the same 
direction affected by equal and opposite refractions as 
in a piece of plane glass. 

NoW since the convex lens separated the white 
light into its component coloured rays, the extreme 
violet and the extreme red, it follows that a similar 
concave lens of the same glass is capable of uniting 
4;he violet and the red into white light. Conse- 
quently, if we take a concave lens of the same or of a 
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gveater refractiTe power than the conTex one, and 
having the power of uniting rays farther separated 
than the yiolet and the red are, a less ooncaYtty in 
the other lens will be Boffident to unite the violet md 
red rays into a white ray ; but as the one lens is now 
less coQcave than the other is conyex, the eonoovity 
will predominate^ and i^e uncc^ured rays wiU no 
longer be parallel, but will converge to some point 
where they will form a colourless or aehromatic inwge 
of the SUB. 

The effect now described may be obtained by 
making the convex lens of crown or of plate glass, and 
the concave lens of flint glass. If the concave lens 
has a greater refractive power thau the convex, whidi 
is always the case, the only effect of it will be to 
make the>rays converge to a focus more remote, or to 
render a less curvature necessary in the concave lens. 

Such is the principle of the achromatic telescope 
invented by Mr. Hall. This ii^enious gentleman 
employed working opticians to grind his lenses, and he 
furnished them with the radii of the surfaces, which 
were adjusted to correct the aberrations of figure as 
well as of colour. His invention, therefore, was not 
an accidental combination of a convex and a concave 
lens of different glass, which might have been made 
merely for experiment; it was a matter of deep 
study; and was a complete achromatic telescope, 
founded on a thorough knowledge of the different 
dispersive powers of crown and flint glass. It is a 
curious circumstance, however, in the history of the 
telescope, that this invention was actually lost. This 
gentleman never published any accoxmt of his labours, 
keeping them secret, no doubt, till he should be able 
to present his instrument in a more perfect form to 
the public; and it was till John Dolland had dis« 
covered the property of light upon which the instra^- 
ment depends, and had actually constructed some 
very fine telescopes, that the previous labours of Mr. 
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Hall wese mtAe paUKc. From tiik period the 
acteomatie tekicope undmrw^it gradual impraTO« 
meiii) and by the saecessiTe hboufs of seveial pUlo* 
«opheK89 it has beeome one of the most vafataUe 
instananeats ia pbysooal science. 

AitiMmgh the aehioiiiatic telescope, as eonstniefced 
by BoUoad, was Ibimded on the principle that the 
^fpectnk formed by crown and flmt glass differed only 
in ih^r rekiliye lengths, when the refraction of the 
mean ray was the same, yet by a mcnre minnte ex- 
amination of the best instruments it was found that 
they exhilnted white or luminons objects tinged on 
one side with a green fringe, and on the other with 
Ame of a claret colour. These coheirs, which did net 
arise from any defect of skill in the artist, were dis- 
Goveced to arise from a difiRer^ioe in the extent of the 
oc^ured spaces in two equal spectra formed by crown 
^and flint glass. This property was called the irratioft'^ 
<dUy of the coloured spaces, and the uncorrected 
colours which remain when the primary spectrum of 
^he crown glass was corrected by the primary spectrum 
of the flint glass, were caUed the secondary or residual 
spectrum. By a happy contrivance, which our limits 
prohibit us from describing, the celebrated Dr. Blair 
succeeded in correcting this secondary spectrum, or in 
removing the green and claret coloured fringes whidi 
appeared in the best telescopes previously, and to this 
contrivance he gave the name of the Aplanatic 
Telescope. 

But, while these remarkable properties of the pris- 
matic spectrum, as formed by di^ent bodies, were 
overlooked by Newton, he committed some conside- 
table mktakes in his examination of the spectmm, 
which was under his own immediate examination. 
It does not appear to have occurred to him, that the 
Teiations of the coloured spaces must be greatly modi' 
fied by the angular magnitude of the sun or the lumi- 
noos body, or aperture from which the spectrum is 
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obtained; and, misled by an apparent analogy be- 
tween the length of the coloured spaces and the divir 
fiions of a musical chord, he adopted the latter, as 
representing the proportion of the coloured spaces in 
every beam of white light. " This result," says New- 
ton in his Optics, '^was obtained by an assistant 
whose eyes were more critical than mine, and who,, 
by right lines drawn across the spectrum, noted the- 
confines of the colours. And this operation being 
divers times repeated, both on the same and on sever 
ral papers, I found that the observations agreed wdl 
enough with one another." Had two other observers, 
one situated in Mercury, and the other in Jupiter, 
studied the prismatic spectrum of the sun by the same 
instruments, and with the same sagacity as Newton, 
it is evident that they would liave obtained very dif- 
ferent results. On account of the apparent magnitude 
of the sun in Mercury, the observer there would ob- 
tain a spectrum entirely without green, having red,^ 
orange, and yellow at one end, the white in the 
middle, and terminated at the other end with blue and 
violet. The observer in Jupiter would, on the con- 
trary, have obtained a spectrum in which the colours 
were much more condensed. On the planet Saturn, a 
spectrum exactly similar would have been obtained, 
notwithstanding the greater diminution of the sun's 
apparent diameter. It may now be asked, which of 
aU these spectra are we to consider as exhibiting the 
number, and arrangement, and extent of the coloured 
spaces proper to be adopted as the true analysis of a 
solar ray. 

The spectrum of Newton has surely no claim to our 
notice merely because it was observed on the surface 
of the earth. Hie spectrum obtained in Mercury af- 
fords no analysis at all of the incident beam, the 
colours being almost all compound and not homoge- 
neous, and that of Newton is liable to the same objec- 
tion. Had Newton examined his spectrum under th? 
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very same circnmstances in winter and in summer, he 
would have found the analysis of the beam more com- 
plete in summer, on account of the diminution of the 
sun's diameter ; and, therefore, we are entitled to say, 
that neither the number nor the extent of the coloured 
spaces, as ^ven by Newton, are those which belong 
to homogeneous and uncompounded light. 

The spectrum obtained in Jupiter and Saturn is the 
only one where the analysis is complete, as it is in-* 
capable of having its character altered by any further 
diminution of the sun s diameter. Hence we are 
forced to conclude, not only that the number and ex- 
tent of the primitive homogeneous colours, given by 
Newton, are incorrect ; but that if he -had attempted 
to analyse some of the primitive tints in the spectrum, 
he would have found them decidedly composed of 
heterogeneous rays. There is one consequence of 
these observations which is somewhat interesting. A 
rainbow formed in summer when the sun's diameter is 
least, must have its colours more condensed and homo-- 
geneons than in winter, when the size of its disc is a 
maximum, and when the upper or under limb of the 
sun is eclipsed, a rainbow formed at that time will 
lose entirely the yellow rays, and have the green and 
the red in perfect contact. For the same reason, a 
rainbow formed in Venus and Mercury will be desti- 
tute of green rays, and have a brilliant bow of white 
light separating two coloured arches, while in Mars, 
Jupiter, Saturn, and the Georgian planet, the bow 
will exhibit only four homogeneous colours. 

From his analysis of the solar spectrum, Newton 
concluded, '^ that to the same degree of refrangibility 
ever belonged the same colour, and to the same 
colour ever belonged the same degree of r efirangibility ;" 
and from this he inferred, that red, orange, yellow, 
green, blue, indigo, and violet, were primary and 
simple colours. He admitted, indeed, that ^^ the same 
ooloors in specie, with those primary ones, may ba 
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also produced by compositioiL F<» a mixtnie of 
yellow and blue makes green, and of red and ydlow 
makes orange;" but such compound colours were 
easily distinguished from the simple colours of the- 
spectrum by the circumstance, that they are always 
capable of being resolyed by the action of the prisnor 
into the two colours which compose them. 

This view of the composition of the spectrum might 
have long remained unchallenged, had we not been 
able to apply to it a new mode of analysis. Though 
we cannot separate the green rays of the spectrum 
into yellow and blue by Sie refraction of prisms, yet 
if we possessed any substance which had a specific 
attraction for blue rays, and which stopped them in 
their course, and allowed the yellow rays to pass, we 
should thus analyse the green as effisctually as if the^r 
were separated by refraction. The substance which 
possesses this property is a purplish blue glass, shnilar 
to that of which finger-glasses are made. When we 
view through a piece of this glass, about the twentieth 
part of an inch thick, a brilliant prismatic spectrum, 
we find that it has exercised a most extraordinary 
absorptive action on the different colours which com-- 
pose it. The red part of the spectrum is divided into 
two red spaces^ separated by an interval entirdy 
devoid of light. Next to the inner red space comes 
a space of bright yellow, separated from the red by a 
visible interval. After the yellow comes the green, 
with an obscure space between them, then follows the 
blue and the violet, the last of which has suiBPered little 
or no diminution. Now it is very obvious, that in this 
experiment the blue glass has actually absorbed the 
red rays, which, when mixed with the yellow on one 
side, constituted green, so that the insulation of the 
yellow rays thus eflfected, and the disappearance of the 
orange, and of the greater part of the green light, 
proves beyond a doubt that the orange and green 
colours in the spectrum are compound colours, the 
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former conaustbgof red and yellow rays, and the latter 
of yellow and blue rays of the very same refrangibility. 
If we compare the two red spaces of the spectmm 
seen through the blue glass with the red space seen 
without the blue gUss, it will be obvious that the red 
lias experienced such an alteration in its tint by the 
action of the blue glass, as would be effected by the 
aibsorpticHi of a small portion of yellow rays ; and from 
this we conclude, that the red of the spectrum con- 
tains, a slight tinge of yellow, and that the yellow 
space extends over more than one-half of the spectrom^ 
including the red, orange, yellow, green, and blue 



^^ It has been found also," says a modem scientific 
writer, "that red light exists in the yellow space, 
axid it is certain, that in the violet space, red light 
exists in a state of combination with the blue rays. 
From these and other facts, which it would be out of 
place here to explain, I conclude, that the prismatic 
spectrum consists of three different spectra, viz., red, 
yellow, and blue, all having the same length, and all 
overlapping each other. Hence, red, yeUow, and blue 
XSLJ8 of the very same refrangibility co-exist at every 
point of the spectrum ; but the colour at any one 
point will be that of the predominant ray, and will 
depend upon the relative distance of the point from 
the maximum ordinate curve which represents the 
intensity of the light of each of the three spectra." 

After explaining the structure of the spectrum by 
means of a diagram, he proceeds, " At the red ex- 
tremity of the spectrum, the pure red is scarcely 
altered by the very slight intermixture of yellow and 
blue. Farther on in the red space, the yellow makes 
the red incline to scarlet. It then exists in sufficient 
quantity to form orange, and, as the red declines, the 
yellow predominates over the feeble portion of red and 
blue which are mixed with it. As the yellow de- 
creases in intensity, the increasing blue forms with it 
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a good green, and the blue rising to its maximum 
speedily overpowers the small portion of yellow and 
red. When the blue becomes very faint, the red ex- 
hibits its influence in converting it into a violet, and 
the yellow ceases to exercise a marked influence on 
the tint. The influence of the red over the blue space 
is scarcely perceptible, on account of the great inten^ 
sity of the blue light ; but we may easily conceive it 
to reappear and form the violet light, not only from 
the rapid decline of the blue light, but from the 
greater influence of the red rays upon the retina. 

^' These views may perhaps be more clearly under- 
stood by supposing that a certain portion of white 
light is actually formed at every point of the spec- 
trum by the imion of the requisite nmober of the 
three coloured rays that exist at any point. The 
white light thus formed will add to the brilliancy 
without affecting the tint of the predominant colottr* 
In the violet space we may conceive the small porti<Hi 
of yellow which exists there to form white light with 
a part of the blue and a part of the red, so that the 
remaining tint will be violet, composed of the blue 
and the small remaining portion of red, mixed with 
the white light. This white light will possess the re- 
markable property of not being susceptible of deccno- 
position by the analysis of the prism, as it is com* 
posed of red, yellow, and blue rays of the very same 
refrangibility. The insulation of this white light by 
the absorption of the predominant colours I have 
effected in the green, yellow, and red spaces, and by 
the use of new absorbing media we may yet hope to 
exhibit it in some of the other colours, particularly in 
the brightest part of the blue space, where an obvious 
approximation to it takes place. 

Among the most important modem discoveries 
respecting the spectrum we must enumerate that of 
fixed dark and coloured lines, which we owe to the 
sagacity of Dr. Wollaston and Mr. Fraunhofer. Two 
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or three of these Knes were discovered by Dr. Wol- 
laston, hut nearly 600 have been detected by means of 
the fine prisms and the magnificent apparatus of the 
Bavari^i optician. These lines are parallel to one 
another, and perpendicular to the length of the spec- 
trutn. The largest occupy a space from five to ten 
seconds in breadth. Sometimes they occur in well- 
defined lines, and at other times in groups ; and in iB 
spectra formed fix)m solar light, they preserve the 
sanae order and intensity, and the same relative posi- 
tion to the coloured spaces, whatever be the nature of 
the prism by which they are produced. Hence these 
lines are fixed points, by which the relative dispersive 
powers of different media may be ascertained with a 
degree of accuracy hitherto unknown in this branch of 
science. In the light of the fixed stars, and in that of 
artifidal flames, a different system of lines is produced, 
and this system remains unaltered, whatever be the 
nature of the prism by which the spectrum is formed* 

The most important fixed lines in the spectrum 
formed by light emitted from the sun, whether it is 
reflected from the sky, the clouds or the moon, may 
be eamly seen by looking at a narrow slit in the win- 
dow shutter of a dark room, through a hollow prism 
formed of plat^ of parallel glass, and filled with any 
fluid of a considerable despersive power. The slit 
should not greatly exceed the twentieth of an inch, 
and the eye should look through the thinnest edge of 
the prism where there is the least thickness of fluid. 
These lines I have found to be the boundaries of 
spaces within which the rays have particular affinities 
for particular bodies. 

While Sir Isaac was examining the nature and 
origin of colours as the component parts of white 
light, his attention was directed to the curious subject 
of the colour of thin plates, and to its application to 
explain the colours of natural bodies. He communi- 
cated his earliest researches on the subject in his Dis- 
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eonrse on L^ht and Coloun, to the Bopd Sociefy, od 
fte Mk December, 1675, and they were read at sob- 
sequent meetings of tbat body. This discourse con- 
tnned more particnlar details respecting the comjKMfr- 
iMm and decomposition of light, than he had preTioosly 
given in his letter to Mr. Oldenburg, and was eoaor 
ohided with nine propositions, showing how the oolonrs 
of thin transparent plates stand related to those of all 
aatoral bodies. 

The oolonrs of thin plates appear to have been first 
observed by the celebrated philosopher Mr. Boyle. 
Dr. Hook who had Uved with Mr. Boyle, as his assis- 
tant, afterwards studied them with some care, and 
gkve a correct account of the leading phenomam, as 
exhibited in the cc^ured rings of soap bubbles, and 
between plates of glass pressed t(^ether. He reoo^-» 
nised that the colour depended upon some certain 
tidckness of the transparent plate, but he acknow- 
le^^ that he had attempted in vain to discoYer the 
veMion between the thickness of the plate and the 
colour which it produced. 

Dr. Hooke succeeded iu splitting a mineral sub- 
stance called mica, into films of such estrone thinness 
as to give brilliant colours. One plate, for example^ 
gave a yellow colour, another a blue colour, and the 
two together a deep purple ; but as plates which pro- 
duced those colours were always so extremely thui^— 
less than the twelve thousandth part of an inch tiuck^ 
it was quite impracticable, by any contrivance yet dis- 
covered, to measure their thickness, and determine the 
law according to what the colour varied with the 
thickness of the film. Newton surmounted this 
difficulty by laying a double convex lens, the radius of 
curvature of each side of which was fifty feet, upon 
the flat surface of a plano-convex object glass where it 
touched the plane surface, to a c(Hisiderable thickness 
at the circumference of the lens. When light was 
allowed to fall upon the object glass, every dijSerent 
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tfau;kii«88 of the plate of air between the object-glaas 
ga^e different <;olou», so that the piunt where ^e two 
oh^iiglasBes touched one ano^er was the oenire of a 
jxra&ber of oonoentric ooknred rings. Now, as tiie 
cm^atnre of the dbject^glass was known, it was easnr 
to eali»ilate tibS thickness of the plate of air at whim 
any paxticnlar colour appeared, and thus to determine 
tiie law of the phenomena. 

When the object-glasses are ilhimipated by white 
%ht, the seren sf^ems oi rings, formed by all the 
se^en colonrs which compose white Hght, will be seal 
at OBce. Had the rings in each eoloar been all of the 
sane diameter, they would all haTO fiwmed briliiaat 
white rings, separated by dark intorrais ; but as they 
kayo all di£Permt diameters, they will ovexiap one 
aaaother, prodndag rings of Tarioas colours by tiisir 
n^xtnre. These colours, reckoning from the centre, 
are as follows : — 

1st Order. — ^Blaek, bine, white, yellow, orar^, 
red. 

2nd Order. — Violet, blue, gre^ yellow, orange, 
red. 

3rd Order. — Purple, blue, greoi, yellow, red, 
bluish-red. 

4^ Order.—Bluish-green, green, yellowishrgreen, 
red. 

5&. Order. — Greenish-blue, red. 

6th Ord^. — Greenish-blue, red. 

Sir Isaac Newton deduces the phenomena thus 
briefly described, that ingenious, though hypothetical 
property of light, called its fits of easy reflexicm and 
transmission. This property consists in supposing 
that every particle of light from its first discharge 
£n»n a luminous body possesses, at equally distant in- 
tervals, dispositions to be reflected from, and trans- 
ipitted through, the surfaces of bodies npon which it 
is inddent. Hence if a particle of light reach a re- 
flecting surface of glass when it is in its fit of reflexion. 
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or in its disposition to be reflected, it will yield 
more readity to the reflecting force. Sir Isaac has 
not yentured to inquire into the cause of this pro- 
perty, but we may form a yery intelligible idea of it 
by supposing that the particles of light haye two at* 
tractiye and two repulsiye poles at the^extremities of 
two axis at right angles to each other, and that the 
particles reyolye round their axis, and at equi-distani 
interyals, bring one or other of these axis into the 
Kne of the direction in which the particle is moying. 
If the attractiye axis is in the line of the direction in 
which the particle moyes when it reaches the refract* 
ing surface, the particles will yield to the attractiye 
force of the medium, and be refracted and transmit* 
ted ; but if the lepidsiye axis is in the direction of 
the particle's motion when it reaches the surfoce, it 
wUl yield to the repulsiye force of the medium, and 
be reflected from it. 

If the thickness of the plate does not yary accord* 
ing to a regular law, but if, like a film of blown glass, 
it has numerous inequalities, then the alternate fiinges 
of light and darkness will yary with the thickness of 
the mm, and throughout the whole length of each 
fringe the thickness of the film will be the same. 

We haye supposed that the light employed is ho* 
mogeneous. If it is white, then the differently coloured 
fringes will form, by their superposition, a system of 
fringes analogous to those seen between two object- 
glasses. 

The same periodical colours which we haye now 
attempted to describe, as exhibited by thin plates, 
were discoyered by Newton in thick plates, and he 
has explained them by means of the theory of fits ; 
but it would lead us fer beyond our limits to enter 
into any detail of his obseryations in this place, or to 
giye an account of the numerous and important addi- 
tions which this branch of optics has receiyed from the 
discoyeries of succeeding philosophers. 
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If the objects of the material world had been illut 
minated with white light, observes the learned author 
-whom we have already noticed, all the particles of 
which possessed the same degree of refrangibiJity, and 
were equally acted upon by the bodies on which they 
fall, all nature would have shone with a leaden hue, 
and all the combinations of external objects, and all 
the features of the human countenance, would have 
exhibited no other variety but that which they possess 
in a pencil sketch or a china-ink drawing. The rain* 
t>ow itself would have dwindled into a narrow arch of 
white light — ^the stars would have shone through a 
grey sky — and the mantle of a wintry twilight would 
nave replaced the golden vesture of the rising and 
setting sun. But He who has exhibited such match* 
less £ill in the organization of material bodies, and 
such exquisite taste in the forms upon which they are 
modelled, has superadded that ethereal beauty which 
enhances their more permanent qualities, and presents 
them to us in the ever-varying colours of the spec* 
trum. Without this the fohage of vegetable life 
might have filled the eye and fostered the fruit which 
it veils ; but the youthful green of its spring would 
have been blended with the dying ydlow of its 
autumn. Without this the diamond might have dis* 
played to science the beauty of its forms, and yielded 
to the arts its adamantine virtues ; but it would have 
ceased to shine in the chaplet of beauty, and to sparkle 
in the diadem of princes. Without this the human 
countenance might have expressed all the sympathies 
of the heart ; but *' the purple light of love" would 
not have risen on the cheek, n(Hr the hectic flush been 
the herald of its decay. 

The gay colouring with which the Almighty has 
decked the pale marble of nature, is not the result of 
any quality inherent in the coloured body, or in the 
particles by which it may be tinged, but is merely a 
property of the light in which they happen to be 
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pbfied. Newton ivas' the fbat persoii ii^o pboed tb^ 
mtA truth in the clettrast evidenoe. He fowid tltfvt 
all he^Hes, wlmteirar were their peeoliftr colours, ezlii- 
Uted these coloiird only in white light* When they 
were iHnmhwted If homogeneoafl red light, they ap- 
peared rod, hy hxumogmeoxm yellow light, yellow, «»d 
80 on; ^^l^eir cdoors being most brisk and tItM 
under the influence of th^ own day-li^t ocdomv." 
The leaf of a plasty for example, appeared green in the 
white light (k day, beeanse it had the pit^perty of 
lefledang that light in greater abundance than any 
other. When it was pla^ in homogeneous red liglit, 
it could no laager appear green, because there was no 
green light to reflect ; but it r^cted a portion of red 
ug^t, because there was some red in the compound 
green which it had the prepay of reflecting. Had 
the leaf originally reflected a pure homogeneous green, 
unmixed with red, and reflected no white light firom 
its outer sur&ce, it would have appeared quite Mack 
in pure homogeneous red light, as this light does not 
eontsdn a single ray which the leaf was capaUe of 
reflecting. Hence the colours of material bodies are 
owing to the property which they possess of stopping 
certain rays of white light, while they reflect or trans- 
mit to the eye the rest of the rays of which light is 
composed. 

So hr the doctrine of Newton regarding colours is 
capable of rigid demonstration; but its author was 
not content with carrying it thus far: he sought to 
determine the manner in which particular rays are 
stopped, whOe others are reflected or transmitted; 
and the result of this profound inquiry was his theoiy 
of the colours of natural bodies, which was commu<- 
nicated to the Boyal Society on the 10th of February', 
1675^ This theory is, p^haps, the loftiest of all lus 
epeculations ; and though, as a physical generalizatioB, 
it stands on a perishable baels, and must soon be 
»wept away in the progress of science, it yet bears 
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tke deq^ impress of the gnsp of his. powexfid 
inkellect. 

The prineiples upon which this theory is founded 
are the^foUowiiig: — 

1. Bodies that have the greatest refraetiye powecs 
reflect the greatest quantity of light; and at t& cott*> 
fines of eqimlly re&acting media these is no r^eokioii. 

2. The least particles of almost all natural hotUes 
aive in scnne measure transparent. 

3. Between the particles of bodies are maay poree 
or spaces, eith^ empty or. Med with media of less 
density than iko partides. 

4. The particles of bodies and their pores, or the 
spaces between the particles, have some definite sise. 

Upon these principles Newton explains the origin 
of tmnsparency, opacity, and colour. 

transparency he considers as arising from the par- 
ticles and their intervals or pores being too small to 
cause reflexion at their common sar£a.ces, so that all 
the light which enters transparent bodies passes 
through them without any portion of it being turned 
from its path by reflexion. If we could obtain, for 
example, a film of mica, whose thickness does not 
exceed two-thirds of the millionth part of an inch, all 
the light which fell upon it would pass through it, 
and none would be reflected. If this film was then 
cut into fragments, a number of such fragments would 
constitute a bundle, which would also transmit all the 
light which fell upon it, and be perfectly transparent. 

Opacity in bodies, he is of opinion, form an oppo- 
site cause, viz., when the parts of bodies are of such 
a size as to be capable of reflecting the light which 
falls upon them, in which case the light is '^ stopped 
or stifled" by the multitude of reflexions. 

The colours of natural bodies have, in the hypo- 
thesis of Newton, the same origin as the colours of 
thin plates, their traosparent particles, according to 
their seveiul sizes, reflecting rays of one colour, and 
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transmitting those of another. ^' For if a thinned or 
plated body which, being of an immense thickness, 
appear all over of one uniform colour, should be slit 
into threads, or broken into fragments of the same 
thickness with the plate or film, every thread or frag- 
ment should keep its colour, and consequently a heap 
of such threads should constitute a mass or powder 
of the same colour which the plate exhibited before 
it was broken: and the parts of all natural bodies 
being like so many fragments of a plate, must, on the 
same grounds, exhibit the same colour." 

8uch is the theory of the colours of natural bodies, 
fitated as clearly and briefly as we can. It has been 
very generally admitted by philosophers, both of our 
own and of other countries, and has been illustrated 
and defended by a French philosopher of distin- 
guished eminence. That this theory affords the true 
explantion of certain colours, or, to speak more cor- 
rectly, that certain colours in natural bodies are the 
colours of thin plates, cannot be doubted ; but it will 
not be difficult to show that it is quite inapplicable to 
that great class of phenomena which may be consi* 
dered as representing the colours of natural bodies. 

The first objection to the theory of Newton is the 
entire absence of all reflected light from the particles 
of transparent coloured media, such as coloured gems^ 
coloured glasses, and coloured fluids. This objection 
was urged long ago by Mr. Delaval, a philosopher 
of great lepute, who placed coloured fluids on black 
grounds, and never could perceive the least trace of 
the reflected tints. Sir David Brewster repeated the 
experiment with every precaution, and with every 
variation that he could think of, and he considered it 
as an established fact, that in such coloured bodies the 
complementary reflected colour' cannot be rendered 
visible. If the fluid, for example, bs red, the green 
light from which the red has been separated, ought to 
appear either directly by looking into the coloured 
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mass, or ought to be recognised by its influence in 
modifying the light really reflected ; but as it cannot 
be seen, we must conclude that it has not been re- 
:flected, but has been destroyed by some other property 
of the coloured body. 

A similar objection may be drawn from the dis- 
appearance of the transmitted complementary colours, 
in the leaves of plants and petals of flowers. It has 
been ascertained from numerous experiments, that the 
transmitted colour is invariably the same with the 
reflected colour, and the same holds true with the 
coloured juices expressed from them. The comple- 
mentary tints are never seen, and when there has 
been anything like an approximation of two tints, it 
has been invariably found that it arose from there 
being two coloured juices existing in diflferent sides of 
the leaf. 

In the phenomena of the light transmitted by 
<joloured glasses, there are some peculiarities which 
we think demonstrate that their colours are not those 
•of thin plates. The light, for example, transmitted 
through a particular kind of blue glass, has a blue 
<;olour of such a peculiar composition, that there is no 
bine in any of the orders of colours in thin plates 
which has any resemblance to it. It is entirely des- 
titute of the red rays which form the middle of the 
red space in the spectrum ; so that the particles on 
which the colour depends must reflect the middle 
red rays, and transmit those on each side of it — ^a 
property which cannot be deduced from the doctrine 
of Newton. 

The explanation of opacity^ as arising from a mul- 
titude of reflexions, is liable to the same objection 
which we have urged against the explanation of 
colour. In order to appreciate its weight, we must 
distinguish opacity into two kinds, namely, the opacity 
of whiteness^ and the opacity of blackness. Those 
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bodies which possess the power of reflexion in the 
highest degree, such as white metals, chalk, and 
plaster of Paris, never reflect more than one half of 
the light which falls npon them. The other half of 
the incident light is, according to Newton, lost by a 
multitude of reflexions. But how is it lost? Re- 
flexion merely changes the direction of the particles 
of light, so that they must again emerge from the 
body, unless they are reflected into fixed returning 
orbits, which detain them for ever in a state of mo- 
tion within the body. In the case of black opacity, 
such as that of coal, which reflects from its first 
surface only one twenty-fifth of the white light, the 
difficulty is still greater, and we cannot conceive how 
any system of interior reflexions could so completely 
stifle 24-25ths of the whole incident light, without 
some of it returning to the eye in a visible form. 

In determining the constitution of bodies that pro- 
duces transparency and blackness, the theory 'of 
Newton encounters a difficulty which its author has 
by no means surmounted. Transparency, as we have 
already seen, arises from the '* particles and their in- 
terstices being too small to cause reflexions in their 
common surfaces," that is, they must be " less than 
any of those which exhibit colours," or " less than is 
requisite to reflect the white and very faint blue of 
the first order." But this is the very same constitution 
which produces blackness by reflexion, and in order 
to explain the cause of blackness by transmission, or 
black opacity, Newton is under the necessity of in- 
troducing a new principle. 

" For the production of black" says he, " the cor- 
puscles must be less than any of those which exhibit 
colours. For at all greater siaes there is too much 
light reflected to constitute this colour. But if they 
be supposed a little less than is requisite to reflect the 
white and very faint blue of the first order, they will 
reflect so very little light as to appear intensely black, 
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and yet may perhaps variously refract it to and fro 
withm themselves so long, until it happens to be 
stifled and lost, by which means they will appear 
black in all positions of the eye, without any tran- 
sparency/' In the same paragraph, when speaking 
of black bodies becoming hot, and burning sooner 
than others, he says that their "effect may proceed 
partly from the multitude of refractions in a little 
room, and partly from the easy commotion of so very 
small corpuscles." 

This very remarkable pasage in his " Optics" ex- 
bibits, in a striking manner, the perplexity in which 
our philosopher was involved by the dif&culties of his 
subject. As the particles which produce blackness 
by reflexion are necessarily so small as to exclude the 
existence of any reflective forces, he cannot ascribe the 
loss of the intromitted light, as he does in the case of 
white opacity, to a "multitude of reflexions ;" and, 
therefore, he is compelled to have recourse to refract- 
ing forces to perform the same office. The reluctance 
with which he avails himself of this expedient, is well 
marked in the mode of expression which he adopts ; 
and it is almost certain that when he wrote the above 
passage, he felt the fuU force of the objections to this 
hypothesis, which cannot fail to present themselves 
to every discriminating reader. As the size of the 
particles which produce blackness are intermediate 
between those which produce transparency and those 
"whicb produce colour, approaching closely to the latter, 
it is difficult to conceive why they should refract the 
intromitted light, while the greater and smaller par- 
ticles, and even those almost of the same size, should 
be destitute of that property. It is besides not easy 
to understand how a refraction can take place within 
bodies which shall stifle all the light, and prevent it 
frx>m emerging. Nay, we may admit the existence of 
such refractions and yet understand how, by a com- 
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pensation in their direction, the re&acted rays may all. 
emerge from the opaqne body. 

The force of these objections is tacitly recognized 
in Pemberton s View of Sir Isaac Newton's Philo- 
sophy ; and as Newton not only read and approved 
of that work, but even perused a great part of it 
along with its author, we may fairly consider the 
opinion there stated to be his own. 

"For producing blacky the particles ought to be 
smaller than for exhibiting any of the colours, viz., of 
a size answering to the thickness of the (soap) bubble, 
whereby reflecting little or no light it appears colour- 
less ; * but yet they must not be too small,' for that 
win make them transparent ' through deficiency of re- 
flexions' in the inward parts of the body, sufficient to 
stop the light from going through it ; but they must 
be of a size ' bordering upon that' disposed to reflect 
the faint blue of the first order, which affords an evi-. 
dent reason why blacks usually partake a little of that 
colour.'' In this passage all idea of refraction has 
been abandoned, and that precise degree of size is 
assumed for the particles which leave a small power 
of reflexion, which is deemed sufficient to prevent the 
body from becoming transparent ; that is, sufficient to 
render it opaque or black. 

The last objection which we shall state to this 
theory is one to which we attach great weight, and, 
as it is founded on discoveries and views which have 
been published since the time of Newton, we venture 
to believe, that, had he been aware of them, he would 
never have proposed the theory which is now under 
consideration. 

When light falls upon a thin film so as to produce 
the colours of thin plates, it follows, from Sir Isaac 
Newton's theory of fits, that a portion of the light is, 
as usual, reflected at the first surface, while the light 
that forms the coloured image is that which is reflected 
from the second surface, so that all the colours of thin 
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plates are diluted with the white light reflected from 
the first sur^e. Now, in the modem theory, which 
ascribes the colours of thin plates to the interference 
of the light reflected from the second surface, with 
the light reflected from the first surface, the result- 
ing tint arises from the combination of these two 
pencils, and, consequently, there is no light reflected 
from the first surface. In like manner, when the 
thickness of the film is such, that the two interfering 
pencils completely destroy one another, and produce 
black, there is not a ray of light reflected from the 
first surface. Here, then, we have a criterion for 
deciding between the theory of fits and the theory of 
interference; for if there is no white light reflected 
from the first surface, the thepry of fits must be re- 
jected. In a remarkable phenomenon of blackness 
arising from minute fibres, there was no perceptible 
reflexion from the surface of the fibres ; and M. 
Presnel describes an experiment made to determine 
the same point, and states the result of it to have been 
unequivocally in favour of the doctrine of interfe- 
rence. 

In order to apply this important fact, let us take a 
piece of coal, one of the blackest and most opaque of 
all substances, and which does not reflect to the eye a 
single ray out of those which enter its substance. 
The size of its particles is eo small, that they are in- 
capable of reflecting light. When a number of these 
particles are placed together, so as to form a surface, 
and other particles behind them so as to form a soHd, 
they will not acquire by this process the power of re- 
flexion; and, consequently, a piece of coal so com- 
posed should be destitute of the property of reflecting 
light from its first surface. But the reverse is the 
case — light is abundantly reflected from the first sur- 
&ce of the coal, and, of course, its elementary par- 
ticles must possess the same power. Hence the 
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blackness of coal must be ascribed to some other cause 
than to the minuteness of its transparent atoms* 

To transparent bodies this argument has a similar 
application. As their atoms are stUl less than those 
of black bodies, their inability to reflect light is still 
greater, and hence arises their transparency. But 
the particles forming the surface of such bodies do 
reflect light, and, therefore, their transparency must 
have another origin. 

In the case of coloured bodies, too, the particles 
forming their surfaces reflect white light like those of 
all other bodies, so that these particles cannot produce 
colour on the same principles as those of thin plates. 
In many of those cases of colour which seem to de- 
pend upon the minuteness of the particles of the body, 
the reflexion of white light may nevertheless be ob- 
served, but this will be found to arise from a thin 
transparent fllm, behind which the coliMrific partieles 
are placed. 
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CHAPTER IV. 

New Classification of Colours. Outline of a New Theory. Newton's 
Discoveries respecting the Inflexion or DifiYaction of Light. Preyioua 
I>iicoveries. Labours of succeeding Philosophers. New Theory of 
Inflexion. Miscellaneous Optical Researches of Newton. Experi- 
ments on Refraction. Conjecture respecting the Inflammability of 
the Diamond. Law of Double Refraction. Observations on the Po* 
lariaation of Light. Newton's Theory of Light. His " Optics.* 
Astronomical Discoveries. Sketch of the History of Astronomy pre- 
Tiousto the time of Newton. 

Whatever answer may be made to the previous 
objections, we think it will be admitted by all those 
who have studied the subject most profoundly, that a 
satisfactory theory of the colours of natural bodies 
is still a desideratum in science. How far we may be 
able to approach it in the present state* of optics, the 
leader will judge from the following views. 

Colours may be arranged into seven classes, eadi 
ef which depends upon different principles. 

1. Transparent coloured fluids — ^transparent co- 
loured gems — ^transparent coloured glasses — coloured 
powders — and the colours of the leaves and flowers of 
plants. 

2. Oxidations of metals — colours of Labrador 
feld-spar — colours of precious and hydrophanous opal, 
and other opal essences — the colours of the feathers of 
birds, of the wings of insects, and of the scales of 
fishes. 

8. Superficial colours, as those of mother of pearl 
fmd striated surfaces. 

4. Opal essences and colours in composite crystals 
haying double refractions. 
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5. Colours from the absorption of common and 
polarized light by double refracting crystals. 

6. Colours at the surfaces of media of different 
dispersive powers. 

7. Colours at the surface of media in which the 
Tweeting forces extend to different distances, or follow 
different laws. 

The two first of these classes are the most imporr- 
tant. The Newtonian theory appears to be strictly 
applicable to the phenomena of the second class ; but 
those of the first class cannot, we conceive, be referred 
to the same cause. 

The rays of solar light possess several remarkaUe 
physical properties: They heat — ^they illuminate-— 
they promote chemical combination — ^they effect chemi- 
cal decompositions — ^they impart magnetism to steel-— 
they alter the colours of bodies — ^they communicate ta 
plants and flowers their peculiar colours, and are in 
many cases necessary to the development of their 
characteristic qualities. It is impossible to admit for 
a moment that these varied effects are produced by a 
mere mechanical action, or that they arise from the 
agitation of the particles of bodies by the vibration of 
ether which is considered to be the cause of light. 
Whatever be the difficulties which attach to the 
theory which supposes light to consist of material 
particles, we are compelled, by its properties, to admit 
that light acts as if it were material, and that enters 
into combinations with bodies, in order to produce 
the effects which we have enumerated. 

When a beam of light falls upon a body, and the 
"whole or a part of that which enters its substance to- 
tally disappears, we are entitled to say, that it is de- 
tained by some power exercised by the particles of the 
body over the particles of light. When this light is 
^aid to be lost by a multitude of reflexions or refrac- 
tions, the statement is not only hypothetical, but it ii 
a hypothesis incompatible with optical principles. 
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That tile light detained within bodies has been stopped 
by the attractive force of the particles seems to be 
highly probable, and the mind will not feel any re* 
pugnance to admit that the particles of all bodies, 
whether solid, fluid, or aeriform, have a specified af- 
foiity for the particles of light. Considering light, 
therefore, as material, it is not difficult to comprehend 
how it should, like other elementary substances, enter 
into combination with bodies, and produce many 
chemical and physical effects, but particularly the 
j^ienomena of transparency, opacity, and colour. 

In transparent colourless bodies, such as water and 
glass, the intromitted light experiences a considerable 
loss, because a certain number of its particles are at- 
tracted and detained by the atoms of the water and 
glass, and the light which emerges is colourless, be- 
cause the particles exercise a proportional action oyer 
ail the simple colours which compose white light. 

When the transparent body has any decided colonr, 
sach as those ennumerated in Class I., then the par- 
ticles of the body haye exercised a specific attraction 
over those rays of white light which are complementary 
to those which compose the colour of the transmitted 
light. If the transparent body, for example, is red, 
then its particles have detained the green rays which 
entered into the incident light, or certain other rays, 
which, with the red, are necessary to compose white 
light. In compound bodies, like some of the artificial 
glasses, the particles will attract and detain rays of 
light of different colours, as may be seen by analysing 
the transmitted light with a prism, which will exhibit 
a fipectmm deprived of all the r^ys which have been 
detained. In black bodies the particles exercise a 
poweiful attraction over light, and detain all the in- 
tromitted rays. 

When coloured bodies are opaque, so as to exhibit 
their colours principally by reflexion, the light which 
is Inflected back to the observer has received its colour 



y Google 



80 THE LIFE OF 

bom transmission through part of the thickness of the 
body, or, what is the same thing, the colour reflected 
to the eye is complementary to that which has been 
detained by the particles of the body while the light 
is passing and re-passing through a thickness termi- 
nated by the reflecting surfaces ; and as only part of 
this light is reflected, as in the case of leaves and 
flow^rp, the transmitted light must have the same 
Qclour as the reflboted light. 

When coloured bodies exhibit two different colours 
complementary to each other, the one seen by reflexion 
and the other by transmission, it is then highly pro- 
bable that the colours are those of thin plates, though 
there are still other optical principles to which they 
may be referred. As the particles of bodies, and the 
medium which unites them, or, as the different atoms 
of a compound body, may have different dispersive 
powers, while they exercise the same refractive force 
(m0?a particulstr part of the spectrum, the rays for 
which 'tlus compensation takes place will be transh- 
mitted, while, part of the complementary light is re- 
Hected. Or in cases where the refractive and dispell 
mfe powers are the same, the reflective forces of the 
pftrticle^ may vary according to a different law, so that 
at the separating surfaces either white or coloured 
light may W reflected. 

Jh those cases of colour wh^^ the reflected and the 
ii^Aij^iattted tints are not complementary, as in leaf 
goUv^^^^)^ the former is yellow and the latter green ; 
Si'Ii^*^iiver, where they are white and blue, and in 
certaiil pieces of flr-wood, where the reflected light is 
"whftishf yellow, and the transmitted light a bxiUiant 
homogeneous red, we may explain the separation of 
tiie colours either by the principles we have already 
lind down, or by the doctrine of their plates. On the 
firrt principle, the colour of the reflected Hght, which 
is supposed to be the same as that of the transmitted 
light, ^will be modified by the law according to which 
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the particles of the hody attract; tlifferttt rays out of 
the beam of white light. In piabch, for example, the 
blue rays are first absorbed, so^hat at small thick- 
nesses the transmitted light is a .fine yellow, while, by 
the action of greater thickness, the yeUow itseH is 
absorbed, and the transmitted light is a bright homo- 
geneous red. Now, in leaf-gold the transmitted colour 
of thinner films than we can obtain may be yellow, 
and, consequently, the light reflected firom the first 
strata of interrupting faces will be yellow, and will 
determine the predominate tint of the reflected light. 
On the Newtonian doctrine Mr. Herschel has explainjBd 
it by saying " that the transmitted riays have traversed 
the whole thickness of the medium, and therefoie 
undergo many more times the action of its atoms than 
those reflected, especially those near the first surfal^e 
to which the brighter part of the reflected colour is 

The phonomena of the absorption of common and 

K)larized light, which have been described by 8si 
avid Brewster in the Philosophic^ Transactions, 
throw considerable light on the subject of coloured 
bodies. The relation of the absorbenti Jifijon to the 
aids of double refraction, and loonseq^^^dj^ to the 
poles of the molecules of the cifystal, shoi^^>^ow the 
particles of light attracted by the moleoides of the 
heiy will vary, both in their nature and nuluber, 
according to the direction in which they approach the 
moleoules ; and explains how the colour of a body may 
be changed, either temporarily or permanently, by 
heat, according as it produces a temporary or a permiv- 
nent change in the relative positiotk of the m<4ei(jfo]m« 
This is not the proper place to enhfczge on the ^lil^voi ; 
but we may be permitted to apply the idedT to rihe 
curious experiment of M. Thenard, on phosphoroS. 
When this substance is rendered pure by.r^eated 
distillation, it is transparent, and trans^lks^^ye^ow 
light ; but when it is thrown in a melted s4»ite into 
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aU>r, ilj^pflomes jeMilack. When aga^m mdied^ 
ftcsumi33 it^i^inal colonr and tnmsparency. Ac-: 
cording to the ^theor^ of Newton, we most suppoee 
thai the atoms of the phosphoros haye been diminished 
I; in size by sndden cooling — an effect which it is not 

easy to comprehend ; but, according to the preceding 
TiewSy we maj^^snppose that the atoms of the phoe- 
VJffiSfiB haye been forced by Ridden, cooling into rela- 
fiye«9(n8ition8 quite diffeQenjit^. from ^ those which they 
take when they slowly assume the solid state ; and 
their poles of maximum attraction, in place of being 
turned to one another, are turned in different direc- 
tions, and then allowed to exercise their full action in 
attracting the intromitted light, and detaining it wholly 
without tl)^ body. If this view of the matter be just, 
we should expect that the specific gravity of the black 
would exceed that of the yellow. 

Before concluding this portion of our subject, there 
is one topic peculiarly observing our notice, namely, 
the change of colour produced in bodies by continued 
exposure to light. The general effect of light is to 
diminish or dilute the colours of bodies, and in many 
cases to deprive them entirely of their colour. Now, 
it is not easy to understand how repeated undulations 
propagated through a body could diminish the size of 
its particles, or how the same effect could be produced 
by a multitude of reflexions from particle to particle; 
But if light is attracted by the particles of bodies, 
and combines with them, it is easy to conceive, that 
when the molecules of a body have combined with a 
great number of particles of a green colour, for ex- 
ample, their power of combination with others will be 
diminished, and, consequently, the number of particles 
of any colour absorbed or detained must diminish with 
the time that the body has been exposed to the light ; 
that is, these particles must enter into the transmitted 
and reflected pencils, and diminish the intensity ci 
their colour. If the body, for example, absorbs red 



y Google 



c 



SIB ISAAC NE^ON. • 96 

Mght, and transindts and reflecWgr^eA then^ if the- 
quantity of absoi^bed tred light JlTdiminiBh^f-it will -^ f 
enter into the f^ectedrjfcfiEft^twtiJBm^ted pencils <ilQad, 
forming white'lfghtjby?Sts-Ji^ixtuie with a portkAv-of 
the green rays, will actuifliy dilute them in the salbe 
manner as if a portion of white light had been \ 

added. ^ 

Although the discoveries of Sir Isaac Newton re- i 

specting the Inflexion of Light were first published ' 

in his Optics in 1704, yet there are many reasons to 
conclude that they were made at a much earlier period. 
He, indeed, informs us, in his preface to that great 
work, that the third boot, which contains these dis- 
<M)veries, '' was put together out of scattered papers ;" 
imd he adds at the end of his obseryati(ms,^hat ^^ he 
designed to repeat most of them with more care and 
exactness, and to make some new ones for determining . 
the manner how the rays of light are bent in their 
passage by bodies, for making the fringes of colour 
with the dark lines between them. But I was then 
interrupted, and cannot now think of taking these 
things into consideration." On the 18th of March, 
1674, Dr. Robert Hooke had read a valuable paper 
on the phenomena of di£&action ; and, as Sir Isaac 
makes not the slightest allusion to this work, it is the 
more probable that his ^' scattered papers" had been 
written previous to the communication of Dr. Hooke's 
experiments. *: / 

The phenomena of the inflexion of light were first ' 
discovered by Francis Maria Grrimaldi, a learned Jesuit, 
who has fully described them in a posthumous work, 
published in 1665, two years after his death. 

Having admitted a beam of the sun's light through 
s small pin-hole in a piece of lead or card into a dark 
chamber, he found that the light diverged firom this 
aperture in the form of a cone, and that the shadows 
of all bodies placed in this light were not only larger 
thanmighthave been expected, but were surrounded 
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with three floured fringes, the nearest being the 
widest, and tne most remote the narrowest. In str<aig 
light he discovered analogous fringes within the sha- 
dows of bodies, which increased in number with the 
breadth of the body, and became more distinct when 
the shadow was received obliquely and at a greater 
distance. When two small apertures or pin-holes 
were .placed so near each other that the cones of light 
formed by each of them intersected on another, Gri- 
maldi observed, that a spot common to the circumfer- 
ence of each, or, which is the same thing, illuminated 
by rays from each cone, was darker than the same 
spot when illuminated by either of the cones separately; 
and he announced this remarkable fact in the follow- 
ing apparently absurd proposition: — "That a body 
actually illuminated may become more dark by adding 
a light to that which it- already receives." 

Without being aware of what had been done by the 
Italian philosopher, Dr. Hooke had been diligently 
occupied with the same subject. In 1672, he commu- 
nicated his first observations to the Royal Society, and 
he then spoke of his paper as " containing the dis*- 
covery of a new property of light not mentioned by 
any optical writers before him." In his paper of 1764, 
already mentioned, and which is, no doubt, the one to 
which he alludes, he has not only described the lead- 
ing phenomena of the inflexion, or the deflexion of 
light, as he calls it, but he has distinctly announced 
the doctrine of interference, which has performed so 
conspicuous a part in the subsequent history of optics. 
He thus announces this doctrine. Ist. That the same 
rays of light falling upon the same point of an object 
wiU turn into all sorts of colours by the various 
inclinations of the object. 2nd. That colonrs 
begin to appear when two pulses of light are bl^ded 
80 wdl and so near together that the sense takes them 
for one. 
. Such was tl^e state of the subject when Newton di- 
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fected to it his powers of acute and accirate observa* 
lion. His attention was turned only to the enlarge*- 
ment of the shadow, and to the three fringes which sdr- 
rounded it ; and he begins his observations by ascrib- 
ing the discovery of these facts to Grimaldi. After 
taking exact measures of the diameter of a human 
hair, and of the breadth of the fringes at different dis^ 
tances behind it, he discovered the remarkable fact 
that these diameters and breadths were not propor- 
tional to the distances from the hair at which they 
were measured. In order to explain this phenomena, 
Newton supposed that the rays which passed the edg6 
of the hairs are deflected or turned aside from it, as if 
by a repulsive force, the nearest rays suffering the 
greatest, and those more remote a less degree of de- 
flexion. 

The explanation ^ven by Sir Isaac of the coloured 
fringes is less precise, and can be inferred only frota 
the two following queries. 

1. "Do not the rays which differ in refrangibility 
differ also in flexibility, and are they not by these dif- 
ferent inflexions separated from one another, so as after 
separation to make the colours in the three fringes above 
described ? And after what manner are they inflected 
to make those fringes. 

2. " Are not the rays of light in passing by the 
edges and sides of bodies bent several times back- 
wards and forwards with a motion like that of Baa. 
eel? And do not the three fringes of light abovB 
mentioned arise from three such bondings V 

The idea thus indistinctly thrown out in the pre- 
ceding queries has been ingeniously interpreted by 
Mr. Herschel, who supposes that the rays undergo 
several bondings, and the particles of light are thrOWfn 
off at one or other of the points of contrary flexure, 
according to the state of their fits or other circum- 
stances. Those that are thrown outwards will pro- 
duce as many caustics by their intersections as there 
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are deflected rays, and each caustic, when received on 
a screen at a distance, will depict on it the brightest 
part of a maximum of a fringe. 

In this unsatisfied state was the subject of the 
inflexion of light left by Sir Isaac Newton. Hit 
inquiries were interrupted and never again renewed ; 
and though he himself found that the phenomena 
were the same, '^ whether the hair was encompassed 
with air or with any other pellucid substance," yet 
ihia important result does not seem to have shaken 
his conviction, that the phenomena had their origin 
in the action of bodies upon light. 

During two sets of experiments which Sir David 
Brewster made on the inflexion of light, the first in 
1798, and the second in 1812 and 1813, he was de* 
sirous of examining the influence of density and re&ac- 
tive power over the fringes produced by inflexion. He 
compared the fringes formed by gold leaf with those 
formed by masses of gold— and those produced by 
films which gave the colours of thin plates with those 
formed by masses of the same substance. He ex- 
amined the influence of platinum, diamond, and cork, 
in inflecting light, the effect of non-reflecting grooves 
and spaces in polished metals, and of cylinders of 
glass immersed in a mixture of oil of cassia and oil of 
olives of the same refractive power, and, as the 
fringes had the same magnitude and character under 
all these circumstances, he concluded that they were 
not produced by any force inherent in the bodies 
themselves, but arose from a property of the light 
itself, which always showed itself when light was 
stopped in its progress. 

Dr. Thomas Young, who had supported with oon- 
^derable ingenuity and great force of argument the 
undulatory theory of light, as maintained by Hooke 
and Huygens, was the first who gave a plausible 
explanation of the inflexion of light. By interposing 
a small screen, and iutercepting the rays that passed 
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near tbe hair, he was surprised to find that all the 
fringes within the shadow disappeared. Tbe same 
effect took place when the screen intercepted the rays 
on the other side ; and hence he concluded, that the 
rajs on each side of the hair were necessary to the pro- 
duction of the inner fringes, and that the firinges were 
produced by the interference of the rays that passed 
on the one side of the hair with those that passed on 
the other side. In order to account for the coloured 
fringes without the shadow, Dr. Young conceived 
that the rays which pass near the edge of the hair in- 
terfere with others, which he supposes may be reflected 
after falling very obliquely upon its edge — ^ supposi- 
tion -which, if correct, would certainly produce fringes 
very similar to those actually observed. 

In pursuing these researches so successfully begun 
by Dr. Young, M. Fresnel had the good fortune to 
explain all the phenomena of inflexion by means of 
undulatory doctrine combined with the principle of 
interference. In place of transmitting the light 
through a small aperture, he caused it to diverge from 
the focus of a deep convex lens, and, instead of re- 
ceiving the shadow and its fringes upon a smooth 
white surface as was done by Newton, he viewed 
them directly with his eye through a lens placed 
behind the shadow; and by 'means of a microscope 
he was able to measure the dimensions of the fringes 
with the greatest exactness. By this mode of obser- 
vation he made the remarkable discovery, that the 
inflexion of the light depended on the distance of the 
inJUcting body from the aperture or from the focus 
of divergence^ the fringes being observed to dilate as 
the body approached that focus, and to contract as it 
receded from it, their relative distances from each 
other, and from the margin of the shadow continuing 
invariable. In attempting to account for the forma- 
tion of the exterior firinges, M. Fresnel found it neces- 
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sary to reject the supposition of Dr. Young, that they 
were owing to light reflected from the edge of a body. 
He not only ascertained that the real place of the 

) fringe was the seventeenth hundredth of a millimetTe 

different from what it should be on that supposition, 

t but he found that the fringes preserved the same in- 

tensity of light, whether the inflecting body had a 
round or a sharp edge, and even when the edge was 
such as not to afford sufficient light for their produc> 
tion. From this difficulty the undulatory theory 
speedily released him, and he was led by its indica- 
tions to consider the exterior fringes as produced by 
an infinite number of elementary waves of light 
emanating from a primitive wave when partly inter- 
rupted by an opaque body. 

The various phenomena of inflexion, which had so 
long resisted every effort to generalize them, having 
thus received so beautiful and satisfactory an expla- 
nation from the undulatory doctrine, they must of 
course be regarded as affording to that doctrine the 
most powerful support, while the Newtonian hypo- 
thesis of the materiality of light, is proportionally 
thrown into the shade. It is impossible, indeed, even 
for national partiality, to consider the views of Newton 
as furnishing any explanation of the facts discovered 
by Fresnel, and, as no attempt has been made by the 
small, though able phalanx of his disciples, to stay the 
decision with which, on this account at least, the doc- 
trine of emission has been threatened; — ^we shall 
venture to suggest some principles by which the re- 
fracting phenomena may perhaps be yet brought 
within the poles of the Newtonian theory. 

That the particles of light, like those of heat, are 
endowed witli a repulsive force, which prevents them 
from accumulating, when in a state of condensation, 
or when they ure detained by the absorptive action of 
opaque bodies, will be readily admitted. By this 
power, a beam of light radiating from a luminous 
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point, has, in every azimxith, the same degree of in- 
tensity at the same distance from its centre of diver* 
gence ; but if we intercept a portion of such a beam by 
an opaque body, the repulsive force of the light which 
formerly occupied its shadow, is withdrawn, and conse- 
quently the rays which pass near the body, will be repel- 
led into the shadow, and will form by their interference 
with those similarly repelled on the other side, the 
interior fringes, which are parallel to the edge of the 
body. The rays which pass at a greater distance, will 
in l^e manner be bent towards the body, but with 
less force, and interfering with those rays which retain 
their pnmitive directi(«i, from the state of their fits, 
or the position of their poles, they will form the ex- 
terior fringes. When the inflecting body is placed 
near the point of divergence, the greater proximity of 
the rays will produce a greater repulsive force, and 
consequently, a greater infiexion of the passing light ; 
while the removal of the body from the point of di- 
verg^ice, will be accompanied with an increased 
distance of the particles — ^an inferior repulsive force 
and a feebler inflexion. As the phenomena of in- 
flexion, considered under this aspect, arise from a 
pw^rty of the light itself, it follows that they will 
remain invariable, whatever be their nature or density 
of the body, or the form of the edge which acts upon 
the passing rays. 

Before concluding our account of Sir Isaac Newton's 
optical discoveries, it is necessary to notice some of his 
minor researches which, though of inferior importance 
in the science of light, have exercised an influence over 
the progress of discovery, or been associated with the 
history of other branches of knowledge. 

One of the most curious of these inquiries related 
to the connection between the refractive powers and 
the diemioal composition €i bodies. Having mea- 
sured the refractive powers and the densities of twenty- 
two substances, he found that the forces which reflect 



y Google 



100 TEra LIFE OF 

and refract light are very nearly proportional to the 
densities of the same bodies. In this law, however^ 
he noticed a remarkable exception in the case of nnc^ 
tnons and sulphureous bodies, such as camphor, olrrv 
oil, linseed oil, spirits of turpentine, and diamond', 
which have their refractive powers two or three times 
greater in respect of their densities than the other sub- 
stances in the table, while among themselves their re- 
fractive powers are proportional to their densities^ 
without any considerable variation. Hence he con-- 
eluded that diamond ^' is an unctuous substance coagu-^ 
lated," — a sagacious prediction, which has been sino^ 
verified in the discoveries of modem chemistry. The 
connection between a high degree of inflammability, 
and a great refracting force, has been still more strongly 
established by the high refractive power which has 
been detected in phosphorus, and which was discovered 
in hydrogen by M. M. Biot and Arago. 

There is no part of the optical labours of Newtoii 
which is less satisfactory than that which relates to 
the double refraction of light. In 1690 Huygens pub- 
lished his admirable treatise on light, in which he has 
given the law of double refraction in calcareous spar, 
as deduced from his theory of light, and as confirmed 
by direct experiment. Viewing it probably as a theo- 
retical deduction, Newton seems to have regarded it 
as incorrect ; and though he has given Huygens the 
credit of describing the phenomena more correctly than 
Bartholinus, yet, without assigning any reason, he re- 
jected the law of the Dutch philosopher, and substi- 
tuted another its place. These observations of Sir 
Isaac form the subject of the twenty-fifth and twenty- 
sixth queries at the end of his Optics, which was pub- 
lished fourteen years after the appearance of Huygen a 
work. The law adopted by Newton is not accom- 
panied with any of the experiments from which it was 
Seduced ; and though he has given it without express- 
ing any doubt of its accuracy, it is, neverthelesfi^ 
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ttStirely incompatible with obsenr^tion, and has been 
pjected by all succeeding philosophers. 

In his speculations respecting the successive disap- 
|>earance and re-appearance of two of the four images 
which are formed when a luminous object is viewed 
through two rhombs of calcareous spar, one of which 
is made to revolve upon the other, Newton has been 
more successful. He concluded from these phenomena 
that every ray of light has two opposite sides originally 
endued with the property, on which the umversal 
refraction depends, and other two opposite sides not 
endued with that property, and he suggested it as a 
subject for further inquiry, whether there are not more 
properties of light by which the sides of the rays differ, 
and are distinguished from one anothor. This is the 
first occasion on which the idea of polarity in the rays 
ef light has been suggested. 

From the various optical inquiries in which New- 
ton was engaged he was strongly impressed with the 
belief that light consists of small material particles 
emitted from shining substances, and that these par- 
ticles could again be combined into solid matter, so 
that ^' gross bodies and light were convertible into one 
another." He conceived also that the particles of solid 
bodies and of light exerted a mutual action upon each 
ether, the former being agitated aud heated by the 
latter, and the latter being attracted and repelled by 
the former, with forces depending on the inertia of 
the luminous particles. These forces he regarded as 
insensible at all measurable distances, and he conceived 
that the distances between the particles of bodies was 
vety small when compared with the extent of their 
sphere of attraction and repulsion. 

With the exception of Hooke, Huygens, and Euler, 
almost all the contemporaries and successors of New- 
ton maintained the doctrine of the materiality of light. 
It was first successfully assailed by Dr. Thomas 
Young, and since that time it has been shaken to its 
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foundation by those great discoveries which have illns^ 
trated the commencement of the present centnry- 
The undulatory theory which has triumphed in its 
torn, is still subject to grave difficulties, and we fear 
another century must elapse before a final decision caa 
be pronounced on this long disputed question. 

The most important of the optical discoveries of 
Newton, of which we have given a general history, 
were communicated to the Royal Society in detached 
papers ; but the numerous disputes in which they had 
involved their author, made him hesitate about the 
publishing of his other discoveries. Although he had 
drawn up a connected view of his labours, under the 
title of " Optics, or a Treatise on the Reflexions, 
Refractions, Inflexions, and Colours of Light," yet 
he formed the resolution of not publishing this work 
during the life of Hooke, by whose rival jealousy his 
tranquillity had been so frequently interrupted, 
Hooke, however, died in 1702, and the Optics of 
Newton appeared in English in 1704. Dr. Samuel 
Clark proposed a Latin edition of it, which accordingly 
appeared in 1706, and he was generously presented by 
Sir Isaac with £500, (as a gift of £100 each for his 
five children,) as a token of the appiobation and gra- 
titude of the author. Both the English and Latin 
editions have been frequently reprinted both in Eng- 
land and on the Continent, and there perhaps never 
has been a work of profound science so widely cir- 
culated. 

From the optical labours of Sir Isaac Newton, we 
will now proceed to his astronomical discoveries—*- 
those transcendant deductions of human reason by 
which he has secured to himself an immortal name, 
and vindicated the intellectual dignity of his species. 
Pre-eminent as his triumphs have been, it would be 
unjust to affirm that they were achieved by himself 
alone. The torch of many a preceding age had thrown 
its light into the strongholds of the material universe^ 
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and the grasp of many a powerful hand had pulled 
down the stronffest of its defences. An alliance, in- 
deed, of many kindred spirits had been long struggling 
in this great cause, and Newton was only the leader 
of this glorious band — the fortunate general who won 
the victory, and therefore wears its laurels. 

The history of science presents us with no example 
of an individual mind throwing itself far in advance 
of its contemporaries. It is only in the career of 
crime and ambition that reckless man takes the start 
of his species, and, uncurbed by moral and religious 
restraint^ erects an unholy dynasty upon the ruins of 
ancient and venerable institutions. The achievements 
of intellectual power, though often begun by one mind 
and completed by another, have ever been the results 
of combined exertions. Slow in their growth, they 
gradually approximate to a more perfect condition ; — 
the variety in the phenomena of nature call forth a 
variety of intellectual gifts ; — ^the powers of analysis 
and combination are applied to the humbler labours 
of observation and experiment, and in the ordeal of 
rival inquiry truth is finally purified from error. How 
different is it with those systems which the imagina- 
tion rears — those theories of wild import which are 
directed against the consciences and hopes of man. 
The fatal upas tree distils its poison in the spring as 
well as in the autumn of its growth, but the fruit 
which sustains life must have its bud prepared before 
the approach of winter, its blossom expanded in the 
spring, and its juices elaborated by the light and the 
heat of the summer and the autumnal sun. 

In the century which preceeded the birth of New- 
ton, the science of astronomy advanced with the most 
rapid strides. Emerging from the darkness of the 
middle ages, the human mind seemed to rejoice in its 
new-born strength, and to apply itself with elastic 
vigour to unfold the mechanism of the heavens. The 
labours of Hipparchus and Ptolemy had indeed fur- 
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nished many important epochs and supplied mmy 
valuable data ; but the cumbrous appendages of cycles 
and epicycles Mrith which they explained the stations 
and retrogadations of the planets, and the vulgar 
prejudice which a false interpretation of Scripture had 
excited against a belief in the motion of the earth, 
rendered it difficult even for great minds to escape 
from the trammels of authority, and appeal to the 
simplicity of nature. 

The generous and noble-minded sovereign of CastQe, " 
Alphonso, had long before proscribed the rude expe* 
dients of his predecessors ; and when he declared uiat ^ 
if the heavens were thus constituted, he could have 
given the Deity good advice, he must not mily have 
Mt the absurdity of the prevailing system, but must 
have obtained some foresight of a more simple arrange- 
ment. But neither he nor the astronomers whom he 
so liberally patronised seem to have established a> 
better system, and it was left to Copernicus to enjoy 
the dignity of being the restorer of astronomy. 

This eminent man, a native of Thorn, in Prnssis^ 
foUowiDg his other's profession, began his career as a 
Doctor of Medicine, out an accidental attendance on - 
the mathematical lectures of Brudzevius excited a love 
for astronomy, which became the ruling passion of his 
life. Quitting a profesrion uncongenial to such pur- 
suits, he went to Bologna to ebaay astronomy under 
Dominic Maria, and after having enjoyed the friend- 
ship and instruction of that able philosopher, he 
established himself at Rome in the humble capacity of 
a teacher of mathematics. Here he made many 
astronomical observations which served him as the 
basis of future researches ; but an event soon occurred, 
which, though it interrupted for a time his important 
studies, placed him in a situation for pursuing them 
with increased zeal. The death of one of the canons 
enabled his uncle, who was Bishop of Ermeland, to 
appoint him to a canonry in the chapter of Frauen- 
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Img, where, in a house sitnated on the blow of a 
mountain he continued in peaceful seclusion, to cairy 
on his astronomical observations. During his resi* 
dcsoce at Borne his talents had been so well appre- 
ciated, that the Bishop of Fossombrona, who presided 
over the council for reforming the calendar, solicited 
the aid of Copernicus in this desirable undertaking. 
At first he entered warmly into the views of the 
council, and charged himself with the determination of 
the length of the year and of the month, and of the 
other motions of the sun and moon that seemed to be 
raqnired; but he found the task too irksome, and 
probably felt that it would interfere with those in- 
tonsting discoveries which had already begun to dawn 
npmi his mind. 

Ckypemicns is said to havo commenced his inquiries 
hy a historical examination of the opinions of ancient 
aiothors on the system of the universe ; but it is more 
likely that he sought for the authority of their great 
names to countenance his peculiar views, and that he 
was more desirous to present his own theory as one 
that he had received, rather than as one which he had 
inirented. His mind had been lonff imbued with the 
idea, that simplicity and harmony would characterize 
the arran|;ements of the planetaiy system, and, in the 
oompUoation and disorder which r^gned in the hypo- 
thesis of Ptolemy, he saw insuperable objections to its 
hdn^ regarded as a representation of nature. In the 

?>imoii8 of the Egyptian sages, in those of Pythagoras, 
hil<^us, Aristarchus, and Nicetas, he recognis^ his 
own earliest conviction that the earth was not the 
centre of the universe ; but he appears to have con* 
sidered it as still possible that our globe might per- 
form some function in the system more important 
than that of the other planets : and his attention was 
moch occupied with the speculation of Martianus 
Oapella, who placed the sun between Mars and the 
Moon, and made Mercury and Yenus revolve round 
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him as a centre ; and with the system of ApoUonius 
PeigOBUs, who made all the planets revolve round the 
Sim, while the smi and moon were carried round the 
earth in the centre of the universe. The examination, 
however, of these hjrpotheses gradually dispelled the 
diiEculties with which the subject was beset, and 
alter the labours of more than thirty years, he was 
permitted to see the true system of the heavens. The 
sun he considered as immoveable in the centre of th& 
system, while the earth revolved between the orbits of 
Venus and Mars, and produced by its rotation about 
its axis all the diurnal phenomena of the celestial 
sj^iere* The precession of the equinox was thus re- 
ferred to a slight motion of the earth's axis, and the 
stations and the retrogadations of the planets were 
the necessary consequence of their own motions com- 
bined with that of the earth about the sun. Theso 
remarkable views were supported by numerous astro- 
nomical observations; and, in 1530, Copernicus brought 
to a close his immortal work on the Eevolutions of 
the Heavenly Bodies. 

But while we admire the genius which triumphed 
over so many difficulties, we cannot fail to commend the 
extraordinary prudence with which he ushered his 
new system into the world. Aware of the prejudices^ 
and even of the hostility with which such a system 
would be received, he determined neither to startle the 
one nor provoke the other. He allowed his opinions 
to circulate in the slow current of personal communi- 
cation. The points of opposition which they presented 
to established doctrines were gradually worn down, 
and they insinuated themselves into reception among 
to ecclesiastical circles by the very reluctance of their 
author to bring them into notice. In the year 1534, 
Cardinal Schonberg, Bishop of Capua, and Gyse, 
Bishop of Culm, exerted all their influence to induce 
Copernicus to lay his system before the world ; but he 
resisted their solicitations; audit was not till 1539 
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ihan sn accidental circnmstance contributed to alter his 
resolution. George Rheticus, Professor of Mathema- 
tics at Wirtenberg, having heard of the successful la- 
bours of Copernicus, resigned his chair and proceeded 
to Frauenberg to make himself master of his dis- 
coveries. This zealous disciple prevailed upon his 
master to permit the publication of his system ; and 
they seem to have arranged a plan for giving it to the 
•world without alarming the vigilance of the church, or 
startling the prejudices of individuals. Under the dis- 
guise of a student of mathematics, Rheticus published 
in 1540 an account of the manuscript volume of 
Copernicus. This pamphlet was received without amy 
disapprobation, and its author wa6 encouraged to re- 
print it at Basle in 1541, with his own name. The 
success of these publications, and the flattering manner 
in which the new astronomy was received by several 
eminent writers, induced "Copernicus to place his 
manuscripts in the hands of Rheticus. It was accord- 
ingly printed at the expense of Cardinal Schonbeig, 
and appeared at Nuremberg, in 1543. Its illustrious 
author, however, did not live to peruse it. A com- 
plete copy was handed to him in his last moments^ 
and he saw and touched it a fevr hours before his 
death. This great work was dedicated to the Holy 
Pontiff, in order, as Copernicus himself says, that the 
authority of the head of the church might silence the 
calumnies of individuals who had attacked his views 
by arguments drawn from religion. Thus introduced, 
the Copemican system met with no ecclesiastical op- 
position, and gradually made its way in spite of ^e 
ignorance and prejudice of the age. 

Among the astronomers who preceded Newton and 
provided the materials of his philosophy, the name of 
Tycho Brahe merits a conspicuous place. Descended 
from an ancient Swedish family, he was bom at 
Knudstorp, in Norway, in 1546, three years after the 
deatfi of Copernicus. The great eclipse of the sun. 
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which happened on the 26th of August, 1560, while 
he was at the university of Copenhagen, attracted hia 
notice ; and when he found that all its phenomena had 
been accurately predicted, he was seized with the moati 
irresistible passion to acquire the knowledge of si 
science so infallible in its results. Destined for the 
profession of the law, his friends discouraged the pur- 
suit which now engrossed his thoughts, and such wero 
the reproaches, and even persecutions to which he waa 
exposed, that he quitted his country with the design 
of travelling through Germany. At the very com- 
mencement of his journey, however, an event occurred 
in which the impetuosity of his temper had nearly 
cost him his life. At a wedding-feast in Rostock, a 
questionable point in geometry involved him in a djS" 
pute with a Danish nobleman of the same tempera- 
ment as himself and the two mathematicians resolved 
to settle the di£Ference by the sword. Tycho, how« 
ever, seems to have shared worst in the condftict, for he 
lost the greater part of his nose, and was forced to 
supply the deficiency by a substitute of gold, silver, 
and wax, so skilfully made that it could scarcely be 
distinguished from nature. During his stay at Augs- 
burg he inspired the burgomaster of the city, Pet^ 
Hainzell, with a love of astronomy. This publio 
iq>irited citizen erected an excellent observatory at his 
own expense, and here Tycho began that distinguished 
career which has placed him in Uie first rank of prac- 
tical astronomers. 

Upon his return to Copenhagen, in 1570, he was 
received with every mark of respect. The king in- 
vited him to court, and persons of all ranks harassed 
him with their attentions. At Herritzvold, near the 
place of his birth, the house of his maternal uncle 
afforded him a retreat from the gaieties of the capital, 
and he was there offered every accommodation for the 
prosecution of his astronomical studies. Here, how- 
ever, the passion of love and the pursuits of alchemy 
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distracted his tboughis ; but though the peasant-^rl 
of whom he was enamoured was of easier attainment 
than the philosopher s stone, the marriage produ($ed an 
open quarrel with his relations^ ^ich beca|]ie s6 vio- 
lent, that the royal authority was necessary to effect a 
Reconciliation. In the tranquillity of domestic hap- 
piness Tycho resumed his study of the heavens ; and, 
in 1573 he enjoyed the singular good fortune of ob« 
serving, through all its variations, the new star in the 
constellation, Cassiopeia, which appeared with such 
extraordinary splendour as to be visible in the day* 
time, and which gradually disappeared in the following 
year. 

Dissatisfied with his residence in Denmark, Tycho 
resolved to settle in some distant country ; and having 
traveled as far as Venice in search of a suitable abode, 
he at at last fixed upon Basle, in Switzerland. The 
King of Denmark, however, had learned his intention 
from the Prince of Hesse ; and when Tycho returned 
to Copenhagen to remove his family and his instru- 
ments, his sovereign announced to him his resolution 
to detain him in his kingdom. He presented him 
with the canonry of RoschUd, with an income of two 
thousand crowns yearly. To this he added a pension 
of one thousand crowns ; and he promised to give 
him the island of Huen, with a complete observatory 
erected under his own eye. This generous offer was 
instantly accepted. The celebrated observatory of 
Uranibourg was established at the expense of £20,000 ; 
and in this magnificent retreat Tycho continued for 
twenty-one years to enrich astronomy with the most 
valuable observations. Admiring disciples crowded 
to this sanctuary of the sciences to acquire the 
knowledge of th» heavens ; and kings* and princes 

* When Jamet I. went to Denmark to Tlsit hit Aituie iponse, the 
daughter of Frederic II., he spent a week under the roof of Tycho.— 
Besides making some considerable presents, and composing a set of Latin 
verses in favour of the astronomer, he gave him his royal license for th« 
jpiKHIettion of hi« works in England, 
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felt themselves honoured by becoming the guests of 
the great astronomer of the age. 

One of the principal discoveries of Tycho was that 
dP the inequalities of the moon's motion, called the 
Variation. He detected also the annual equation 
which afiects the place of her apogee and nodes, and 
he determined the greatest and the least inclination of 
the lunar orbit. His observations on the plantes were 
numerous and precise, and have formed the data of the 
the present generalizations in astronomy. Though 
thus skilful in the observation of phenomena, his 
mind was little suited to investigate their cause ; and 
it was probably owing to this defect that he rejected 
the system of Copernicus. The vanity of giving his 
own name to another system was not likely to actuate 
a mind such as his ; and it is more probable that 
he was led to adopt the immobility of the earth, 
and to make the sun, with all his attendant planets, 
circulate round it, from the great, difficulty which still 
presented itself by comparing the apparent diameter 
of the stars with the annual parallax of the earth's 
orbit. 

The death of Frederic II., in 1 588, proved a severe 
calamity to Tycho, and to the science which he cul* 
tivated. During the first years of the minority of 
Christian lY., the regency continued the royal pa- 
tronage to the Observatory of Uranibourg; and in 
1592, the young king paid a visit of some days to 
Tycho, and left him a gold chain in token of his fa- 
vour. The astronomer, however, had made himself 
enemies at court, and the envy of his high reputation 
had probably added fresh malignity to the irritation of 
personal feelings. Under the ministiy of Walchen- 
dorf, a name for ever odious to science, Tycho's pen- 
sion was stopped ; he was even, in 1597, deprived of 
the canonry of Boschild, and was thus forced, with 
his wife and children, to seek an asylum in a foreign 
land. His friend, Henry Bantzan, of Wansbeck, 
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under whose roof he found a hospitable shelter, was 
fortunately acquainted with the Emperor Bodolph II., 
who, to his love of science, added a passion for 
akh^ny and astrdogy . The lepatation of tike astronOf- 
mer having already reached the impmal ear, the 
sscmnmen&tion of Bantzau was scarcely necessary to 
insure him his warmest friendship. Invited by the 
emperor, he repaired, in 1599, to Prague, where he 
met with the warmest reception. A pension of three 
titousand crovms was immediately settled upon him, 
and a commodious observatory erected for his use in 
the Ticimty of that city. Here the exiled astronomer 
renewed with delight his interrupted labours, and the 
gratitude which he cherished for the favour increased 
the satisfaction which he felt in having so unexpect^ 
odly found a resting place for approaching age. These 
prospects of latter days were enhanced by the good 
fortune of receiving two such men as Kepler and Longo- 
montanus for his pupils : but the fallacy of human 
anticipatiod was here, as in so many other cases, 
strikingly displayed. Tycho was not aware of the in* 
roads which both his labours and his disappointments 
had made upon his constitution. Though surrounded 
with affectionate friends and admiring disciples, he was 
still an exile in a foreign land. Though his country 
had been base in its ingratitude, it was yet the land 
which he loved — ^the scene of his earUest affections^-*- 
the theatre of his scientific glory. These feelings con- 
tinually preyed upon his mind, and his insulted spirit 
was ever hovering among his native mountains. In 
this condition he was attacked with a disease of the 
most painful kind — ^being dining at the house of a lord 
named Rosenberg, he had drank more than usual, and 
not wishing to disturb the company he remained with 
them and retained his urine, notwithstanding the 
pressing necessity to the contrary, in consequence of 
which he was seized with the disorder which t^:mi* 
iiated his life in twelve days afterwards. He saw 
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ihai death was approaching, and implored his popik 
to persevere in their scientific lahours. He convened 
with Kepler on some of the most profound points of 
astronomy, and withr these secular occupations he 
mingled frequent acts of piety and devotion. In 
this happy condition he expired on the 24th of Octo- 
ber, 1601, without pain, at the age of fifty-five, un* 
questionably the unfortunate victim of the councils of 
Christian IV. 

Notwithstanding the accessions which astronomy 
had received from the labours of Copernicus and 
Tycho Brahe, no progress was yet made in developing 
the general laws of the system, and scarcely an ides 
had been formed of the power by which the planets 
were retained in their orbits. The labours of assiduous 
observers had supplied the materials for this purpose, 
and Kepler arose to lay the foundations of physical 
astronomy. 

John Kepler was born at Wiel, in Wirtenberg, in 
1571. He was educated for the church, and dis- 
charged even some of the clerical frmctions ; but his 
devotion to science withdrew him from the study of 
theology. Having received mathematical instruction 
from the celebrated Maestlinus, he had made such 
progress in the science, that he was invited in 1594 to 
fill the mathematical chair of Gratz in Styria. En- 
dowed with a fertile imagination, his mind was ever 
intent upon subtle and ingenious speculations. In the 
year 1596, he published his peculiar views in a work 
on the Hannonies and Analogies of Nature. In this 
singular production, he attempts to solve what he calls 
the great cosmographical mystery of the admirable 
proportion of the planetary orbits ; and by means of 
the six regular geometrical solids, he endeavours to 
assign a reason why there are six planets ; and why 
the dimensions of their orbits, and the time of their 
periodical revolutions, were such as Copernicus had 
found them. If a cube, for example, was iniserted in 
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a sphere, of which Satam's orbit was one of the great 
cirdes, it would, he supposed, touch by its six planes 
the lesser sphere of Jupiter ; and, in like manner, he 
proposes to determine, by the aid of the other geome- 
trical solids, the magnitude of the spheres of the other 
planets. A copy of this work was presented by its 
author to Tycho Brahe, who had been too long versed 
in the severe realities of observation to attach any 
value to sucli wild theories. He advised his young 
friend '' first to lay a solid foundation for his views by 
actual observation, and then, by ascending from these, 
to strive to reach the causes of things ;" and there is 
reason to think, that, by the aid of the whole Ba- 
ei^ian philosophy thus compressed by anticipation 
into a single sentence, he abandoned for a while his 
visionary inquiries. 

In the year 1598, Kepler suffered persecution for 
his religious principles, and was compelled to quit 
Gratz ; but though he was recalled by the States of 
Styria, he felt his situation insecure, and accepted of a 
pressing invitation from Tycho Brahe to settle at 
Prague, and assist him in his calculations. Having 
arrived in Bohemia in 1 600, he was introduced by his 
friends to the Emperor Rodolph, from whom he ever 
afterwards received the kindest attention. On the 
death of Tycho in 1601, he was appointed mathema- 
tician to the emperor, a situation in which he was 
continued during the successive reigns of Matthias and 
Ferdinand ; but what was of more importance to 
science, he was put in possession of the valuable col- 
lection of Tycho's observations. These observations 
were remarkably numerous ; and as the orbit of Mars 
was more oval than that of any of the other planets, 
they were peculiarly suitable for determining its real 
form. The notions of harmony and symmetry in the 
construction of the solar system, which had filled the 
mind of Kepler, naturally led him to believe that the 
H 
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planets reyolved with an uniform motion in circular 
orbits. So firm, indeed, was this conviction, that he 
made several attempts to represent the observations of 
Tycho by this hypothesis. The deviations were too 
great to be ascribed to errors of observation ; and in 
trying various other curves he was led to the disco- 
Tery, that Mars Vevolved round the sun in an eliptical 
orbit, in one of the foci of which the sun itself was 
placed. The same observations enabled him to deter- 
mine the dimensions of the planet's orbit ; and by com- 
paring together the times in which Mars passed over 
different portions of its orbit, he found that they were 
to one another as the areas described by the lines 
drawn from the centre of the planet to the centre of 
the sun, or, in more technical terms, that the radius 
vector describes equal arcs in equal times. These two 
remarkable discoveries, the first that were ever made 
in physical astronomy, were extended to all the other 
planets of the system, and were communicated to the 
world in 1609, in his " Commentaries on the Motions 
of the Planet Mars, as deduced from the Observations 
of Tycho Brahe." 

Although Kepler was conducted to these great laws 
by the patient examination of welt-established facts, 
his imagination was ever hurrying him among the 
wilds of conjecture. Convinced that the mean dis- 
tances of the planets from the sun bore to one another 
some mysterious relation, he not only compared them 
with the regular geometrical solids, but also with the 
intervals of musical tones ; an idea which the ancient 
Pythagoreans had suggested, and which had been 
adopted by Archimedes himself. All these compari- 
sons were fruitless ; and Kepler was about to aban- 
don an inquiry of about seventeen years' duration, 
when on the 8th of March, 1618, he conceived the 
idea of comparing the powers of the different numbers 
which express the planetary distances, in place of the 
numbers themselves. He compared the squares and 
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the cubes of the distances with the same powers of 
the periodic times ; nay, he tried even the squares of 
the times with tlie cubes of the distances ; but his 
hurry and impatience led him into an error of calcula- 
tion, and he rejected this law as having no existence 
in nature ! On the 15th May, his mind again re- 
verted to the same notion, and upon making the cal- 
culations anew, and free from error, he discovered the 
great law, that the squares of the periodic times of 
any two planets are to one another as the cubes of 
their distances from the sun. Enchanted with this 
unexpected result, he could scarcely trust his calcula- 
tions ; and, to use his own language, he at first be- 
lieved that he was dreaming, and had taken few 
granted the very truth of which he was in search* 
This brijliant discovery was given to the world in 
1619 in his "Harmony of the World," a work dedi- 
cated to James VI. of Scotland. Thus were esta- 
blished what have been termed the three laws of 
Kepler — ^the motion of the planets in elliptical orbits 
— ^the proportionality between the areas described and 
their times of description — and the relations between 
the squares of the periodic times and the cubes of the 
distances. 

The relation of the movements of the planets to the 
sun, as the general centre of all their orbits, could not 
fail to suggest to Kepler, that some power resided in 
that luminary by which these various motions were 
produced; and he went so far as to conjecture, that 
this power diminishes as the square of the distance of 
the body on which it was exerted ; but he immedi- 
ately rejects this law, and prefers that of the simple 
distance. In his work on Mars, he speaks of a gra- 
vity as a mutual and corporeal affection between 
sizmlar bodies. ' He maintained that the tides were 
occasioned by the moon's attraction, and that the irre- 
gularities of the lunar motions, as detected by Tycho 
&ahe^ were owing to the joint actions of the sun and 
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the earth ; but the relation between gravity, as exhi- 
bited on the earth's surface, and as conducting the 
planets in their orbits, required more patience of 
thought than he could command, and was accordingly 
left for the exercise of higher powers. 

The misery in which Kepler lived forms a painful 
contrast with the services which he performed to sci- 
ence. The pension on which he subsisted was always 
in arrears, and, though the three emperors whose 
reigns he adorned, directed their ministers to be more 
punctual in its payments, the disobedience of their 
commands was a source of continued vexation to the 
astronomer. ' When he retired to Sagan, in Silesia, 
to spend in retirement the remainder of his days, his 
pecuniary difficulties became still more harassing. 
Necessity at last compelled him to apply personally 
for the arrears which were due ; and he accordingly 
set out in 1630, for Ratisbon; but in consequence of 
the great fatigue which so long a journey on horse- 
back produced, he was seized with a fever, which 
carried him off, on the 30th of November, 1630, in 
the fifty-ninth year of his age. 

While Kepler was layingithe foundation of physi- 
cal astronomy, Galileo was busily employed in ex- 
tending the boundaries of the solar system. This dis- 
tinguished philosopher was born at Pisa, in 1564. 
He was the son of a Florentine nobleman, and was 
^educated for the medical profession ; but a passion for 
geometry took possession of his mind, and called forth 
all his powers. Without the aid of a master he stu- 
died the writings of Euclid and of Archimedes, and 
such were his acquirements, that he was appointed 
by the Grand Duke of Tuscany to the Mathematical 
chair of Pisa, in the twenty- fifth year of his age. 
His opposition to the Aristotelian philosophy gained 
him many enemies, and at the end of three years he 
quitted Pisa, and accepted of an invitation to the 
Professorship of Mathematics at Padua. Here he 
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continued for eighteen years adorning the university 
by bis name, and diffusing around him a taste for the 
j^ysical sciences. "With the exception of some con- 
triyances of inferior importance, Galileo had distin- 
guished himself by no discovery till he had reached 
the forty-fifth year of his age. In the year 1609, 
the same year in which Kepler published his cele- 
brated commentary on Mars, Galileo paid a visit to 
Venice, where he heard, in the course of conversation, 
that a Dutchman, of tlie name of Jansens had con- 
structed and presented to Prince Maurice, an instru- 
ment through which he saw distant objects magnified 
and rendered more distinct, as if they had heen 
brought nearer to the observer. This report was 
credited by some, and disbelieved by others; but, in 
the course of a few days, Galileo received a letter 
from a friend in Paris, which placed beyond a doubt 
the existence of such an instrument. The idea instantly 
took possession of his mind as one of the utmost 
importance to science; and so thoroughly was he 
acquainted with the properties of lenses, that he not 
only discovered the principle of its construction, but 
was able to complete a telescope for his own use. 
Into one end of a leaden tube he fitted a spectacle- 
glass, plane on one side and convex on the other, and 
in the other end he placed another spectacle-glass, 
concave on one side and plane on the other. He then 
applied his eye to the concave glass, and saw objects 
** pretty large and pretty near him." They appeared 
three times nearer, and nine times larger in surface, 
than to the naked eye. He soon after made another, 
which represented objects above sixty times larger ; 
and sparing neither labour nor expense, he finally 
constructed an instrument so excellent, as ^^ to show 
things almost a thousand times larger, and above 
thirty times nearer to the naked eye." 

There is perhaps no invention that science has 
presented to man so extraordinary in its nature, and 
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SO boundless in its influence, as that of the telescope. 
To the uninstructed mind, the power of seeing an 
object at the incredible distance of a thousand miles, 
as large and neariy as distinct as if it was brought 
within a mile of the observer, must seem almost mi- 
raculous ; and to the philosopher, even, who tho- 
roughly comprehends the principles upon which it 
acts, it must ever appear one of the most elegant 
applications of science. To have been the first astro- 
nomer in whose hands such a gift was placed, was a 
preference to which Galileo owed much of his future 
fame. 

No sooner had he completed his telescope than he 
applied it to the heavens, and on the 7th of January, 
1608, the first day of its use, he saw, round Jupiter 
three bright little stars lying in a line parallel to the 
ecliptic, two to the east, and one to the west of the 
planet. Regarding them as ordinary stars, he never 
thought of estimating their distances. On the fol- 
lowing day, when he accidentally directed his tele- 
scope to Jupiter, he was surprised to see the three 
stars to the west of the planet. To produce this 
effect it was requisite that the motion of Jupiter 
should be direct, though, according to calculation, it 
was actually retrograde. In this dilemma he waited 
with impatience for the evening of the 9th, but un- 
fortunately the sky was covered with clouds. On 
the 10th he saw oidy two stars to the east — a circum- 
stance which he was no longer able to explain by the 
motion of Jupiter. He was therefore compelled to 
ascribe the change to the stars themselves ; and upon 
repeating his observations on the 11th he no longer 
doubted that he had discovered three planets revolving 
round Jupiter. On the 13th of January he for the 
first time saw the fourth satellite. 

This discovery, though of the utmost importance in 
itself, derived an additional value, from the light 
which it threw on the true system of the universe* 
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While the earth was the only planet enlightened by 
a moon, it might naturally be supposed that it alone 
was habitable, and was therefore entitled to the pre- 
eminence of occupying the centre of the system ; but 
the discovery of four moons round a much larger 
planet deprived this argument of its force, and created 
a new analogy between the earth and the other planets. 
When Kepler received the " Sidereal Messenger," 
the work in which Galileo announced his discovery in 
1610, he perused it with the deepest interest ; and 
while it confirmed and extended his substantial disco- 
veries, it dispelled at the same time some of those 
harmonic dreams which still hovered among his 
thoughts. In the " Dissertation" which he published 
on the discovery of Galileo, he expresses his hope 
that satellites will be discovered round Saturn and 
Mars — he conjectures that Jupiter has a motion of 
rotation about his axis — ^and states his surprise, that, 
afber what hasbeen written on the subject of telescopes 
by Baptista Porta, they had not been earlier intro- 
duced into observatories. 

In continuing his observations Galileo applied his 
telescope to Yenus, and in 1610 he discovered the 
phases of that planet, which exhibited to him the 
various forms of the waxing and waning moon. This 
fact established beyond a doubt that the planet re- 
volved round the sun, and thus gave an additional 
blow to the Ptolemaic system. In his observations 
on the sun Galileo discovered his spots, and deduced 
from them the rotation of the central luminary. He 
observed that the body of Saturn had handles attached 
to it, but he was unable to detect the form of its ring, 
or render visible its minute satellites. On the surface 
of the moon he discovered her mountains and vallies, 
and determined the curious fact of her libration, in 
virtue of which parts of the margin of her disc occa- 
snonafiy appear and disappear. In the Milky Way lie 
descried numerous minute stars which the muussisted 
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eye was unable to perceive ; and as the largest fixed 
stars, in place of being magnified by the telescope, be- 
came actually minute brilliant points, he inferred their 
immense distance as rendered necessary by the Coper- 
nican hypothesis. All his discoveries, indeed, furnish- 
ed fresh arguments in favour of the new system ; and 
the order of the planets, and their relation to a central 
sun, may now be considered as established by incon- 
trovertible evidence. 

While Galileo was occupied with these noble pur- 
suits at Pisa, to which he. had been recalled in 1611, 
his generous patron Cosmo II., Grand Duke of Tus- 
cany, invited him to Florence, that he might pursue, 
with uninterrupted leisure his astronomical observa- 
tions, and carry on his correspondence with the Ger- 
man astronomers. His fame had now resounded 
through all Europe ; — ^the strongholds of prejudice and 
ignorance were unbarred ; — and the most obstinate 
adherents of ancient systems acknowledged the meridian 
power of the day star of science, Gsfileo was ambi- 
tious of propagating the great truths which he contri- 
buted so powerfully to establish. He never doubted 
that they would be received with gratitude by all — 
by the philosopher as the consummation of the great- 
est efforts of human genius — and by the Christian as 
the most transcendant displays of Almighty power. 
But he had mistaken the disposition of his species, and 
the character of the age. That same system of the 
heavens which had been discovered by the humble 
ecclesiastic of Frauenberg, which had been patronised 
by the kindness of a bishop, and published at the ex- 
pense of a cardinal, and which the pope himself had 
sanctioned by the warmest reception, was, after the 
lapse of a hundred years, doomed to the most violent 
opposition, as subversive of the doctrines of the Chris- 
tian faith. On no former occasion has the human 
mind exhibited such a fatal relapse into intolerance, 
^he age itself had Jmproved in liberality; — ^the per- 
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secuted doctrines themselves had become more deserv- 
ing of reception ; — the light of the Reformed faith had 
driven the Roman Catholics from some of their most 
obnoxious positions ; and yet, under all these circum- 
stances, the Church of Rome unfurled her banner of 
persecution against the pride of Italy — against the 
ornament of his species, and against truths immutable 
and eternal. 

In consequence of complaints laid before the Holy 
Inquisition, Galileo was summoned to appear at Rome, 
in 1615, to answer for the heretical opinions which he 
had promulgated. He was charged with " maintain- 
ing as true the false doctrine held by many, that the 
sun was immoveable in the centre of the world, and 
that the earth revolved with a diurnal motion ; — with 
having certain disciples .to whom he taught the same 
doctrine ; — ^with keeping up a corresponaence on the 
subject with several German mathematicians ; — ^with 
having published letters on the solar spots, in which 
he explained the same doctrine as true; — and with 
having glossed over, with a false interpretation, the 
passages of Scripture which were urged against it." 
The consideration of these charges came before a 
meeting of the Inquisition which assembled on the 
25th of February, 1616, and the court declaring their 
disposition to deal gently with the prisoner, pro- 
nounced the following decree : — " That the Cardinal 
Bellarmine should enjoin Galileo to renounce entirely 
the above recited false opinions ; that on his refusal to 
do so, he should be commanded by the commissary of 
the Inquisition to abandon the said doctrine, and to 
cease to teach and defend it ; and that if he did not 
obey this command, he should be thrown into prison." 
On the 26th of February, Galileo appeared before 
Cardinal Bellarmine, and after receiving from him a 
gentle admonition, he was commanded by the com- 
missary, in the presence of a notary and witnesses, to 
de^t altogether from his erroneous opinions ; and it 
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was declared to be unlawftil for him in future to teach 
them in any way whatever, whether orally or in his 
writings. To these commands Galileo promised obe- H 
dience, and was dismissed from the Inquisition. 

The mildness of this sentence was no doubt partly 
owing to the influence of the Grand Duke of Tus- 
cany, and other persons of rank and power at the i 
Papal Court, who took a deep interest in the issue of ' 
the trial. Dreading, however, that so light a punish- j 
ment might not have the effect of putting down the i 
obnoxious doctrines, the Inquisition issued a decree ' 
denouncing the new opinions as false, and contrary to 
the sacred writings, and prohibiting the sale of every 
book in which they should be mentioned. 

Thus liberated from his persecutors, Galileo re- | 
turned to Florence, where he pursued his studies with , 
his wonted diligence and ardour. The recantation of t 
his astronomical opinions was so formal and unre- n 
served, that ordinary prudence, if not a sense of per-, 
sonal honour, should have restrained him from unne- 
cessarily bringing them before the world. No ana- 
thema was pronounced against his scientific disco- 
reries ; no interdict was laid upon the free exercise of 
his genius. He was prohibited merely from teaching 
a doctrine which the Church of Rome considered as 
injurious to its faith. We might have expected, • 
therefore, that a philosopher, conspicuous in the eyes of j 
the world, would have respected the prejudices, how-, 
ever base, of an institution whose decrees formed part 
of the law of the land, and which possessed the 
power of life and death within the limits of its juris- 
diction. Galileo, however, thought otherwise. A 
sense of degradation seems to have uiged him to re- 
taliate ; and before six years had elapsed, he began to i 
compose his " Cosmical System, or Dialogues on the 
two greatest Systems in the World, the Ptolomeam 
and the Copemican," the concealed object of which is 
to establish the opinions which he had promised to 
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abandon. In this work, the subject is discnssed by 
three speakers, Sagredo, Salviatus, and Simplicius, a 
peripatetic philosopher, who defends the system of 
Ptolemy with much skill against the overwhelming 
arguments of the rival disputants. Galileo hoped to 
escape notice by this indirect mode of propagating the 
new system, and he obtained permission to publish his 
work, which appeared at Florence, in 1632. 

The Inquisition did not immediately summon 
Galileo to their presence. Nearly a year elapsed 
before they gave any indications of their design ; and, 
according to their own statement, they did not even 
take the subject into consideration till they saw that 
the obnoxious tenets were every day gaining ground, 
in consequence of the publication of the Dialogues. 
They then submitted the work to a careful examina- 
tion, and having found it to be a direct violation of 
the injunction which had been formerly intimated ta 
its author, they again cited him before their tribunal, 
in 1633. The venerable sage, now in his seventieth 
year, was thus compelled to repair to Rome; and 
when he arrived, he was committed to the apartments 
of the Fiscal of the Inquisition. The unchangeable 
friendship, however, of the Grand Duke of Tuscany 
obtained a remission of this severity, and Galileo was 
allowed to reside at the house of the Tuscan ambas* 
sador, during the two months which the trial occupied. 
When brought before the Inquisition, and examined 
on oath, he acknowledged that the Dialogues were 
written by himself, and that he obtained permission to 
publish them, without notifying to the person who 
gave it that he had been prohibited from holding, de- 
fending, or teaching the heretical opinions. He con- 
fessed also that the Dialogues were composed in such 
a manner, that the arguments in favour of the Ooper- 
nican system, though given as partly false, were yet 
managed in such a manner, that they were more likely 
to co&rm than overtnm its doctrines; but that this 
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eiror, which was not intentional, arose from the aa-* 
tural desire of making an ingenioas defence of fabe 
propositions, and of opinions that had the semblance 
of probability. 

After receiving these confessions and excuses, the 
Inquisition allowed Galileo a proper time for giving 
in his defence; but this seems to have consisted 
solely in bringing forward a certificate from Cardinal 
Bellarmine, which made no allusion to the promise 
xmder which Galileo had come, never to defend, nor 
teach in any way whatever, the Copernican doctrines. 
The court held this defence to be an aggravation of 
the crime rather than excuse for it, and proceeded to 
pronounce a sentence which will be ever memorable 
in the history of the human mind. 

Invoking the name of our Saviour, they declare, 
that Galileo had made himself liable to the suspicion 
of heresy, by believing the doctrine, contrary to 
Scripture, that the sun was the centre of the earth's 
orbit, and did not move from east to west ; and by 
defending as probable the opinion, that .the earth 
moved, and was not the centre of the world; and 
that he had thus incurred all the censures and 
penalties which were enacted by the church against 
such offences ; — ^but that he should be absolved from 
these penalties, provided he sincerely abjured and 
cursed all the errors and heresies contained in the 
formula of the church, which should be submitted to 
him. That so grave and pernicious a crime should 
not pass altogether unpunished, that he might become 
more cautious in future, and be an example to others 
to abstain from such offences, they decreed that his 
Dialogues should be prohibited by a formal edict, that 
he should be condemned to the prison of the Inquisi- 
tion during pleasure, and that during the three fol- 
lowing years, he should recite once a week the seven 
penitentiary psalms. 

This sentence was subscribed by seven cardinals; 
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and on the 22nd of June, 1633, Galileo signed an 
abjuration, humiliating to himself and degrading to 
philosophy. At the age of seventy, on his bended 
knees, and with his right hand resting on the holy 
Evangelists, did this patriarch of science avow his 
present and his past belief in all the dogmas of the 
Bomish Church, abandon as false and heretical the 
doctrine of the earth's motion and of the sun s immo- 
bility, and pledge himself to denounce to the Inqui- 
sition any other person who was even suspected of 
heresy. He abjured, cursed, and detested, those 
eternal and immutable truths which the Almighty 
had permitted him to be the first to establish. What 
a mortifying picture of moral depravity and intellec- 
tual weakness ! If the unholy zeal of the assembly 
of Cardinals has been branded with infamy, what 
must we think of the venerable sage whose gray hairs 
were entwined with the chaplet of immortality, 
quailing under the fear of man, and sacrificing the 
convictions of his conscience, and the deductions of his 
reason, at the altar of a base superstition? Had 
Chdileo but added the courage of the martyr to the 
wisdom of the sage — had he carried the glance of his 
indignant eye round the circle of his judges — ^had he 
lifted his hands to heaven, and called the living God 
to witness the truth and immortality of his opinions, 
the bigotry of his enemies would have been disarmed, 
and science would have enjoyed a memorable triumph. 
The great truths of the Copemican system, instead 
of being considered as heretical, had been actually 
adopted by many pious members of the Roman 
Church, and even some of its dignitaries did not 
scruple to defend it openly. Previous to the first 
persecution of Galileo in 1615, a Neapolitan noble- 
man, Vincenzio Carafia, a person equally distin- 
gnished by his piety and birth, had solicited Paul 
Anthony Foscarinus, a learned Carmelite monk, to 
illustrate and defend the new system of the universe. 
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With this request the ecclesiastic speedily complied ; 
and in the pamphlet which he completed on the 6th 
of January, 1615, he defends the Copernican system 
with much boldness and ingenuity ; he reconciles the 
various passages of Scripture with the new doctrine, 
and he expresses the hope that such an attempt, now 
made for the first time, will prove agreeable to the 
philosophers, but particularly to those very learned 
men, Galileo Galilei, John Kepler, and all the mem- 
bers of the Lyncean Academy, who, he beheves, 
entertain the same opinion. This remarkable pro- 
duction, written from the convent of the Carmelites 
at Naples, is dedicated to the very reverend Sebas- 
tian Fantoni, general of the order of Carmelites, and 
was published at Florence, with the sanction of the 
ecclesiastical authorities in 1630, three years before 
the second persecution of Galileo. 

It would be interesting to know the state of public 
feeling in Italy when GaUleo was doomed to the 
prisons of the Inquisition. No appeal seems to have 
been made against so cruel a sentence, and neither in 
remonstrance nor in derision does an individual voice' 
seem to have been raised. The master of the spirits 
of the age looked with sullen indifiorence on the per- 
secution of exalted genius ; and Galileo lay in chains 
deserted and unpitied. This unrebuked triumph of 
his enemies was perhaps favourable to the object of 
their v«^geance. Resistance might have heightened 
the rigour ci a sentenc^|vhich submission seems to 
have alleviated. The -interference of some eminent 
individuals of Rome, among whom we have no doubt 
that the Grand Duke of Tuscany was the most in- 
fluential, induced the Pope not only to shorten the 
period, but to soften the rigour of Galileo*s imprison- 
ment. From the dungeon of the Inquisition, where 
he had remained only four days, he was removed to 
the ambassador s palace ; and when his health began 
to suffer, he was permitted to leave Rome ; and would 
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have been allowed to return to Florence, but as the 
plague raged in that city, he was sent to the residence 
of the Archbishop Piccolimini, where he carried on 
and completed his valuable investigations respecting 
the resistance of solids. Here he continued five 
months, when, in consequence of the disappearance of 
the plague at Florence, he was allowed to retire to his 
villa at Bellosguardo, and afterwards to that of Arce- 
tri, in the vicinity of Florence. 

Though Galileo was now, to a certain degree, libe- 
rated from the power of man, yet the afflicting dispen- 
sations of Providence began to fall thickly around him. 
No sooner had he retired to Arcetri, than his favourite 
daughter was seized with a dangerous illness, which 
quickly terminated in her death. He was himself 
attacked with a complication of disorders, and the 
most oppressive melancholy ; and though he solicited 
permission to repair to Florence for medical assistance, 
yet this was denied him. In 1631, however, the Pope 
permitted him to pay a visit to Florence, and his 
friend, Father Castelli, was allowed to visit him, 
attended by an officer of the Inquisition. But this 
indulgence was soon withdrawn, and at the end of a 
few months he was ordered to return to Arcetri. The 
sight of his right eye had begun to fail him in 1636 ; 
in. 1637, his left eye was similarly attacked, so that in a 
few months he was affected with total and incurable 
blindness. Before this calamity had supervened, he 
had noticed the curious phenomenon of the moon s 
libration, in consequence of which, parts of her 
visible disc that are exposed to view at one time are 
withdrawn at another. He succeeded in explaining 
two of the causes of this curious phenomenon, viz., the 
different distances of the observer from the line joining 
the centre of the earth and themoon, which produces the 
diurnal libration, and the unequal motion of the moon 
in her orbit, which produces the libration in longitude. 
It was left, however, to Helvetius to discover the 
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libration in latitude, whicli arises from the inclination 
of her axis being a little less than a right angle to the 
ecliptic ; and Lagrange to discoTer the spheroidal 
libration, or that which arises from the action of the 
earth upon the lunar spheroid? 

The sorrows with which Galileo was now beset, 
seem to have disarmed the severity of the Inquisition. 
He was freely permitted to enjoy the society of his 
friends, who now thronged around him to express 
their respect and their sympathy. The Grand Duke 
of Tuscany was his frequent visitor, and Gassendi, Deo- 
dati, and our celebrated countryman, Milton, went to 
Italy for the purpose of visiting him. He entertained 
his friends with the warmest hospitality, and though 
simple and abstemious in his diet, yet he was fond of 
good wine, and seems even in his best days to have 
paid particular attention to the excellence of his 
cellar. , 

Although Galileo had nearly lost his hearing as 
well as sight, yet his intellectual faculties remained 
unimpaired; and while his mind was occupied in 
considering the force of percussion, he was seized with 
fever and palpitation of the heart, which after two 
months' illness, terminated his life on the 8th of 
January, 1642. 

Among the predecessors of Newton in astronomitjal 
research we must not omit the names of, Bouillaud, 
Borelli, and Dr. Hooke. Bouillaud, the author of 
several valuable astronomical works, was a native of 
France, and has derived more reputation from a single 
sentence in his " Astronomica," published in 1645, 
than from all the rest of his labours. He was not a 
believer in the doctrine of attraction ; but in speaking 
of that power as the cause of planetary motions, he re- 
marks, *' that if attraction existed, it would decrease 
as the square of the distance." The influence was 
still more distinctly developed by Borelli, a Neapolitan 
philosopher, who, in 1666, published a work on the 
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satellites of Jupiter. In this work he maintains, that 
all the planets perform their motions round the sun 
according to a general law; that the satellites of Jupiter 
and Saturn move round their primary planets in the 
same manner as the mo^n does round the earth, and 
that they all revolve round the sun, which is the only 
source of any virtue, and that this virtue attaches 
them, and unites them so that they cannot recede from 
their centre of action. 

Dr. Hooke seems to have devoted much of his at- 
tention to the cause of the planetary motions. On the 
21st March, 1666, he read to the Royal Society an 
account of a series of experiments for determining if 
hodies experience any deviation in their weight at 
different distances from the centre of the earth. His 
experiments were by no means satisfactory to himself, 
and hence he was led to the ingenious idea of mea- 
suring the force of gravity, by observing, at different 
altitudes, the rate of a pendulum clock. About two 
months afterwards, he exhibited to the Society an ap- 
proximate representation of the forces which maintain 
the planets in their orbits, in the paths described by a 
circular pendulum impelled with different degrees of 
force ; but though this experiment illustrated the pro- 
duction of a curvilinear motion, by combining a tan- 
gential force with a central force of attraction, yet it 
v*^as only an illustration, and could not lead to the 
true cause of the planetary motions. Eight years 
after, however, he resumed the subject, and published 
a dissertation, entitled "an attempt to prove the mo- 
tion of the earth from observation ;" 'which has been 
considered as a remarkable production by the philoso- 
phers of every country. 
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CHAPTER V. 

7^ewioii*8 first speculations on Gravity. He discovers the true law of 

Gravity and the cause of the Planetary Motions. His principles of i 

Natural Philosophy. His *' Principia" appears in 1687. Account of J 

it and the Discoveries it contains. They meet with great opposlti(nu c 

The reception of the Newtonian Philosophy. Doctrine of Infinite ' 

Quantities. Discovers the Binomial Theorem. Doctrine of Fluxions. | 

His Mathematical Tracta. His Universal Arithmetic. Account of the i 
celebrated Controversy respecting the Invention of Fluxions. 

When the plague had driven Newton from Cambridge, | 

in 1666, he was sitting alone in the garden at Wools- , 

thorpe, and reflecting on the nature of gravity, that J 

remarkable power which causes all bodies to descend ; 

to the centre of the earth. As this power is not found I 
to suffer any sensible diminution at the greatest dis- 
tance from the earth's centre to which we can reach, 

being as powerful at the summit of the highest moun- j 
tain as at the tottom of the deepest mine, he conceived 

it highly probable that it must extend much farther I 
than was usually supposed. No sooner had this happy 

conjecture occurred to his mind than he considered j 
what would be the effect of its extending as far as the 

moon. That her motion must be influenced by such a | 
power, he did not for a moment doubt ; and a little 

reflection convinced him that it might be sufficient for J 

retaining that luminary in her orbit round the earth« -. 

Though the force of gravity suffers no sensible dimi- | 

nution at those small distances froffiTt&e "earth's centre < 

at which we can place ourselves, yet he thought J. 

it very possible that, at the distance of the moon, it ' | 

might differ much in strength from what it is on the ' 
earth. In order to form some estimate of the degree 
of its diminution, he considered that if the moon be 
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retained in her orbit by tbe force of gravity, the pri- 
mary planets must also be cairied round tbe sun by 
the same power ; and by comparing the periods of the 
diffeient planets, with their ^^ances from the snn, he 
fonnd that if they were retained in their orbits by any 
power like gravity, its force mnst decrease in the du- 
plicate proportion, or as the squares of their distances 
from the sun. In drawing this conclusion, he supposed 
Hie planets to move in orbits perfectly circular, and 
having the sun in their centre. Having thus obtained 
the law of the force by which the planets were drawn 
to the sun, his next object was to ascertain if such a 
force emanating from the earth, and directed to the 
moon, was sufficient, when diminished iirthe dupli- 
cate ratio of the distance, to retain her in her orbit. 
In performing this calculation, it was necessary to 
eompare the space through which heavy bodies fall in 
a second of time at a given distance from the earth, 
viz., at its surface, with the space through which the 
moon, as it were, falls to the earth in a second of time 
while revolving in a circular orbit. Being at a dis- 
tance from books when he made this computation, he 
adopted the common estimate of the earth's diameter, 
then in use among geographers and navigators, and 
each degree of latitude contained 60 English miles. 
In this way he found that the force which retains the 
moon in her orbit, as deduced from the force which 
occasions the fall of heavy bodies to the earth's sur- 
face, was one-sixth greater than what is actually 
observed in her circular orbit. This difference threw 
a doubt upon all his speculations ; but unwilling to 
abandon what seemed to be otherwise so plausible, he 
endeavoured to account for the difference of the two 
forces, by supposing that some other cause must have 
been united with the force of gravity in producing 
90 great a velocity of the moon in her circular orbit. 
As this new cause, however, was beyond the reach of 
observation, he discontinued all further inquiries into 
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the subject, and concealed from his friends the speco^ 
lations in which he had been employed. 

After his return to Cambridge his attention was 
occupied with those optical discoveries which w^^ 
have already noticed ; but he had no sooner brought 
them to a close than his mind reverted to the subject 
of the planetary motions. Upon the death of Oldenk 
burg, in 1678, Doc.tor Hooke was appointed secre- 
tary to the Royal Society ; and as this distinguished 
body had requested the opinion of Newton about the 
system of physical astronomy, he addressed a letter 
to the secretary, on the 28th of November, 1679, in 
which he proposed a direct experiment for verifying 
the motion of the earth, namely, by observing whether 
or not bodies that fall from a considerable height de- 
scend in a vertical direction, for if the earth were nt 
rest, the body would describe a vertical line, w^hereas 
if it revolved round its axis, the falling body must de- 
viate from the vertical line towards the east. The 
• Royal Society attached great value to this idea, and. 
appointed Dr. Hooke to put it to the test of experi- 
ment. Being thus led to consider the subject more 
attentively, he wrote to Newton, that where ever the 
direction of gravity was oblique to the axis on which 
the earth revolved, that is, in every part of the earth 
except the equator, falling bodies should approach to 
the equator, and the deviation from the vertical, in 
place of being exactly to the east, as Newton main- 
tained, should be to the south-east of the point from 
which the body began to move. Newton acknow- 
ledged that this conclusion was correct in theory, and 
I)r. Hooke is said to have given an experimental de- 
monstration of it before the Royal Society, in 1679. 
J^ewton had erroneously concluded, that the path of 
the falling body would be a spiral ; but Dr. Hooke, 
on the same occasion on which he made the preceding 
experiment, read a paper to the Society in which he 
proved that the path of the body would be an eccta** 



y Google 



SIB ISAAC NEWTON. 13$ 

trie ellipse in the vacuo, and an elliptic spiral, if the 
body moved in a resisting medium. 

This correction of Newton's error, and the discovery 
tiliat a projectile would move in an elliptical orbit when 
under the influence of a force varying in the inverse 
ratio of the square of the distance, led Newton to 
discover " the theorem by which he afterwards ex-^ 
smined the ellipses," and to demonstrate the celebrated 
proposition, that a planet acted upon by an attractive 
force varying inversely as the squares of the dis- 
tances, will describe an elliptical orbit in one of whose 
foci the attractive force resides. 

But though Newton had thus discovered the true 
cause of all the celestial motions, he did not yet possess 
any evidence that such a force actually resided in the 
sun and planets. The failure of his former attempt, 
to identify the law of fEtlling bodies, at the earth'sf 
•snrface, with that which guided the moon in her orbit, 
threw a doubt over all his speculations, and prevented 
Inm from giving any account of them to the public. 

An accident, however, of a very interesting nature, 
induced him to resume his former inquiries, and ena- 
bled him to bring them to a close. In June, 1682, 
when he was attending a meeting of the Royal Society 
of London, the measurement of a degree of meridian, 
executed by M. Picard, became the subject of con- 
versation. Newton took a memorandum of the result 
obtained by the French astronomer, and having de- 
duced from it the diameter of the earth, he imme- 
diately resumed his former calculations, and began to 
repeat it with these new data, In the progress of the 
calculation, he saw that the result which he had formerly 
expected, was* likely to be produced, and he was - 
thrown into such a state of nervous irritability, that 
he was unable to carry it on. In this state of mind, 
he entrusted it to one of his friends, and he had the 
high satisfaction of finding his former views amply 
realized. The force of gravity which regulated the fell 
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of bodies at the earth's surfiEice, when diminished as 
the square of the moon's distance from the earUi, was 
found to be almost exactly equal to the centnfugal 
£>rce of the moon, as deduced &om her observed &h 
tance and velocity. 

The influence of such a result upon such a mind 
may be more easily conceived than described. The 
whole material universe was spread out before him ;— 
ihe sun with all his attending planets — ^the planets 
with all their satellites — ^the comets wheeling in every 
direction in their eccentric orbits, and the systems of 
the fixed stars stretching to the remotest limits of 
space. All the varied and complicated movements of 
the heavens, in short, must have been at once presented 
to his mind as the necessary result of that law which 
he had established in reference to the earth and the 
moon. 

After extending this law to the other bodies of the 
system, he composed a series of propositions on the 
motion of the primary planets about the sun, which 
were sent to London about the end of 1683, and 
were soon afterwards communicated to the Royal 
Society. 

About this period other philosophers had been 
occupied with the same subject. Sir Christopher 
Wren had many years before endeavoured to explain 
the planetary motions ^^ by the composition of a descent 
towards the sun, and an impressed motion ; but he 
at length gave it over, not finding the means of doing 
it. In January, 1684, Dr. Halley had concluded that 
the centrepital force decreased in the reciprocal pro- 
portion of the squares of the distances, and having one 
day met Sir Christopher Wren and Dr. Hooke, the 
latter affirmed that he had demonstrated upon that 
principle all the laws of the celestial motions. Dr, 
Halley confessed that his attempts were unsuccessful, 
and Sir Christopher, in order to encourage the inquiry, 
o£Eered to present a book of forty shillings value, to 
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eiiher of the two philosophers who should, in the space 
of two months, bring him a convincing demonstration 
of it. Hooke persisted in the declaration, that he 
possessed the method, but avowed it to be his intention 
to conceal it for some time. 

In August, 1684, Dr. Halley went to Cambridge 
for the express purpose of considting Newton on this 
interesting subject. Newton assured him that he 
had brought tibis demonstration to perfection, and 
promised him a copy of it. This copy was received 
in November, by the Doctor, who made a second 
visit to Cambridge, in order to induce its author 
to have it inserted in the register-book of the 
Royal Society. On the 10th of December, Dr. 
Halley intimated to the Society, that they had 
seen at Cambridge Mr. Newton's treatise, " De Motu 
Corporum," which he had promised to send to the 
Society to be entered upon their register; and Dr. 
Halley was desired to unite with Mr. Paget, Master 
of the Mathejnatical School in Christ's Hospital, in 
reminding Mr. Newton of his promise, " for securing 
the invention to himself, till such time as he can be at 
leisure to publish it." On the 25th of February the 
secretary communicated a letter from Mr. Newton, in 
which he expresses his wiUingness " to enter in the 
register his notions about motion, and his intentions to 
fit them suddenly for the press." The progress of his 
work was interrupted, however, by a visit of some 
weeks which he made in Lincolnshire ; but he pro- 
ceeded with such diligence on his return, that he was 
able to transmit the manuscript to London before the 
end of April. This manuscript, entitled Philosophiaa 
Naturalis JPnncipia Mathematica, and dedicated to the 
Society, was presented by Dr. Vincent on the 28th of 
April, 1686, when Sir John Hoskins, the vice-presi- 
dent, and the particular friend of Dr. Hooke, was in 
the chair. Dr. Vincent passed a just encomium on 
the novelty and dignity of the subject ; and another 
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member added, that ^^ Mr. Newton had carried the 
thing so far, that there was no more to be added." 
Dr. Hooke took offence at these remarks, and blamed 
Sir John for not having mentioned ^* what he had 
discovered to him;*' but the vice-president did not 
recollect any such communication, and the consequence 
was, that ^' these two, who, till then, were inseparable 
cronies, have since scarcely seen one another, and are 
utterly fallen out." After the breaking up of the 
meeting the Society adjourned to the coffee-house, 
when Dr. Hooke stated, that he not only had made 
the same discovery, but had given the first hint of it 
to Newton. 

An account of these proceedings was commumcated 
to Newton through two different channels. In a let- 
ter dated May 22nd, Dr. Halley wrote to him, " that 
Dr. Hooke has some pretensions upon the invention of 
the rule of the decrease of gravity being reciprocally 
at the squares of the distances from the centre. He 
says you had the notion from him, though he owns the 
demonstration of the curves generated thereby to be 
wholly your own. How much of this is so, you know 
best, as likewise what you have to do in this matter. 
Only Mr. Hooke seems to expect you would make 
some mention of him in the preface, which it is possi- 
ble you may see reason to prefix." 

This communication from Dr. Halley induced our 
author, on the 20th of June, to address a long letter 
to him, in which he gives a minute and able refutation 
of Hooke's claims ; but before this letter was des- 
patched, another correspondent, who had received his 
information from one of the members who had been 
present, informed Newton, '* that Hooke made a great 
stir, pretending that he had all from him, and desiring 
they would see that he had justice done him." This 
fresh charge seems to have ruffled the tranquillity of 
Newton ; and he accordingly added an angry and sa- 
tirical postscript, in which he treats Hooke with very 
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little ceremony, and goes so far as to conjecture that 
he might have acquired his knowledge of the law from 
a letter of his own to Huygens, directed to Oldenburg, 
and dated January 14th, 1672-3. " My letter to 
Hugenius was directed to Mr. Oldenburg, who used 
to keep the originals. His papers came into Mr. 
Hooke's possession, Mr. Hooke, knowing my hand, 
might have the curiosity to look into that letter, and 
there take the notion of comparing the forces of the 
planets arising from their circular motion; and so 
what he wrote to me afterwards about the rate of 
gravity might be nothing but the fruit of my own 
garden." 

In replying to this letter. Dr. Halley assured him 
that Hooke's " manner of claiming the discovery had 
been represented to him in worse colours than it ought, 
and that he neither made public application to the 
Sodety for justice, nor pretended that you had all 
from him." The effect of this assurance was to make 
Newton regret that he had written the angry post- 
script to his letter ; and in replying to Halley, he not 
ovlj expressed his regret, but recounts the different 
new ideas which he had acquired from Hooke's cor- 
respondence, and suggests it as the best method of 
*' compromising the present dispute," to add a scho- 
lium, in which Wren, Hooke, and Halley are acknow- 
ledged to have independently deduced the law of 
gravity from the second law of Kepler. 

At the meeting at which the manuscript of the 
*< Principia ' was presented to the Royal Society, it 
was agreed that the printing of it should be referred 
to the Council, that a letter of thanks should be 
written to its author ; and at a meeting of the Council 
it was resolved that the work should be printed at the 
Society's expense, and that Dr. Halley should superin- 
tend it while going through the press. These resolu- 
tions were communicated by Dr. Halley, and in 
Newton's reply he makes the following observations : 



y Google 



138 TH£ LJFB OF 

^^ The proof you sent me I like yery well. I designed 
the whole to consist of three books ; the second was 
finished last summer, being short, and only wants 
transcribing, and drawing the cuts fairly. Some new 
propositions I have since thought on, which I can as 
well let alone. The third wants the theory of comets. 
In autunm last I spent two months in calculation to 
no purpose for want of a good method, which made 
me afterwards return to the first book, and enlarge it 
with diverse propositions, some relating to comets, 
others to other things found out last winter. The 
third I now design to suppress. Philosophy is such 
an impertinently letigious lady that a man had as good 
be engaged in law-suits as have to do with her. I 
found it so formerly, and now I can no sooner come 
near her again but she gives me warning. The two 
first books without the third, will not so well bear the 
title of ^' Philosophi83 Naturalis Principia Mathema* 
tica ;" and therefore I h^-d altered it to this, " De 
Motu Corporum Libri duo." But after second 
thoughts I retain the former title. 'Twill help the 
sale of the book, which I ought not to diminish now 
•'tis yours." 

In replying to this letter, Dr. Halley regrets that 
Newton's tranquillity should have been thus disturbed 
by envious rivals ; and implores him in the name of 
the Society not to suppress the third book. He says 
" I must again beg you not to let your resentment run 
so high as to deprive us of your third book, wherein 
your applications of your mathematical doctrine to the 
theory of comets, and several curious experiments 
which, as I guess by what you write ought to compose 
at, will undoubtedly render it acceptable to those who 
vnll call themselves philosophers without mathematics, 
which are much the greater number." 

To these solicitations Newton seems to have 
readily yielded. His second book was sent to the 
Society and presented on the 2nd March, 1686-7. 
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The third hock was ako tranomtt^ and presented on 
the 6th April, and the whole work was eoospleted 
and publi^ed in May, 1687. 

Such is a brief account of the publication of a work 
whidi is memorable not only in the annaJs of one 
science or of one country, but which will fonn an 
epoch in the history of the world, and will ever be 
r^arded as the brightest page in the records of human 
reason. 

The " Principia" consists of three books. The two 
first, which occupy three fourths of the work, are en- 
titled, " On the Motion of Bodies ;" and the third 
bears the title, " On the System of the World." The 
first and second books contain the mathematical Prin- 
ciples of Philosophy viz., the laws and conditions of 
motions and forces; and they are illustrated with 
several philosophical scholia which treat of some of the 
most general and best established points in philosq>hy^ 
such as the density and resistance of bodies, spaces 
void of matter, and the motion of sound and light. 
The object of the third book is to deduce from these 
principles the constitution of the system of the world ; 
and this book has been drawn up in as popular a style 
as posssible, in order that it may be generally read. 

The great discovery which characterises the Princi- 
pia is that of the principle of universal gravitation, as 
deduced from the motion of the moon, and from the 
three great facts or laws discovered by Kepler. This 
principle is ^^ that every partide of matter is attracted 
by, or gravitated to, every other particle of matter 
i^th a force inversely proportional to the squares of 
tiheir distances." 

From the first law of Kepler, namely, the pro- 
portionality of the areas to the times of t^ir descrip*- 
tion, Newton inferred that ihe force which kept the 
planet in its orbit was always directed to the sun ; 
and from the second law of Kepler, that every 
planet moves in an ellipse with the sun in one of its 
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loci, he drew the still more gen^l inference, thai the 
force by which the planet moves round that focus 
varies inversely as the square of its distance from the 
focus. As this law was true in the motion of sa-. 
t^tes round their primary planets, Newton deduced 
the equality of gravity in all the heavenly bodies to- 
wards the sun, upon the supposition that they are 
equally distant from its centre, and in the case of ter- 
restrisd bodies, he succeeded in verifying this truth 
by numerous and accurate experiments. 

By taking a more general view of the subject, 
Newton demonstrated that a conic section was the 
only curve in which a body could move when acted 
upon by a force varying inversely as the square of the 
distance ; and he estabtished the conditions depending 
on the velocity and the primitive position of the 
foody, which were requisite to make it describe a cir* 
cular, an elliptical, a parabolic, or a hyperbolic orbit. 

Notwithstanding the generality and importance of 
these results, it still remained to be determined 
whether the focus resided in the centres of the 
planets, or belonged to each individual particle of 
which they were composed. Newton removed this 
uncertainty by demonstrating, that, if a spherical 
body acts upon a distant body with a force varying 
as the distance of this body from the cen tre of the 
sphere, the same effect will be produced, as if each 
of its particles acted upon the distant body according 
to the same law. And hence it follows that the 
spheres, whether they are of uniform diversity, or 
consist of concentric layers, with densities varying 
according to any law whatever, will act upon each 
other in the same manner as if their force resided in 
their centres alone. But as the bodies of the solar 
system are very nearly spherical, they will act upon 
one another, and upon bodies placed on their surface, 
as if they were so many centres of attraction; and 
therefore we obtain the law of gravity which subsists 
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between spherical bodies, namely, that one sphere 
will act upon another with a force directly propor- 
tioned to the quantity of matter, and inversely as the 
square of the distance between the centres of the 
spheres. From the equality of action and reaction, 
to which no exception can be found, Newton con- 
cluded that the sun gravitated to the planets, and the 
planets to their sateUites ; and the earth itself to the 
stone which falls upon its surface^ and, consequently, 
that the two mutually gravitating bodies approached 
to one another with velocities inversely proportional 
to their quantities of matter. 

Having established this universal law, Newton was 
enabled not only to determine the weight which the 
same body woidd have at the sur&ce of the sun and 
the planets, but even to calculate the quantity of 
matter in the sun, and in all the planets that had 
satellites, and even to determine the density or 
specific gravity of the matter of which they were 
composed. In this way he found that the weight of 
the same body would be twenty*three times greater 
at the surface of the sun than at the sur&ce of the 
earth, and that the density of the earth was four times 
greater than that of the sun, the planets increasing in 
density as they receded from the centre of the 
system. 

If the peculiar genius of Newton has been dis- 
played in his investigation of the law of univeraat 
gravitation, it shines with no less lustre in the patience 
and sagacity with which he traced the consequences 
of this fertile principle. 

The discovery of the spheroidal form of Jupiter by 
Cassini had probably directed the attention of New- 
tcm to the determination of its cause, and conse- 
quently to the investigation of the true figure of the 
earth. The spheroid^ form of the planets h^d been 
ascribed by Copernicus to the gravity, or natural ap- 
petency of their partsi but upon considering the 
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«trth as a body veTDhiog upon its axis, Kewtott 
goieklf saw ihat the figure arising from the mutoal 
attraction of its parts most be modified hy anotfaev 
fcice arising from its region. When a bedyrevolinBB 
iqKm an axis, the relodtf of rotation increases tmm 
tibe pdes, where it is nothing, to the equator, where 
It is a mazimam. In consequence of this velocitf , 
the bodies on the ewUi'ssnrfaee hare atendency to Sj 
off from it, and thistendmicy increases with i^e velo* 
mby. Henoe arises a centrifiigal force which acts m 
combination with the force of gravity, and which 
Newton found to be the 28&th part of the force of 
gravity at the eqnator, and deci^easmg, as the cosine 
of the latitade, ham the eqnator to the poles. The 
ffreat piedoroinaace di gravity over the centrifdjsal 
force preyents the latter from canying off any bodies 
frtnn the earth's snrface, but the weight of all bodies 
is diminished bytiie centrifdgal force, so that the 
weight of any body is greater at the poles than it is 
at the equator. If we now suppose the waters at the 
pole to communicate with those of the equator by 
means of a canal, one bteanch of which goes from the 
pole to the centre of the earth, and the other from the 
centre of the earth to the equator, then the polar 
branch of the canal will be heavier than the equatorial 
branch, in consequence of its weight not being dimi- 
nished by the centrifugal force ; and, therefore that 
the two columns may be in equilibrio, and the equa<« 
torial one may be lei^hened. Newton found that 
the length of the polar must be to that of the equato- 
rial canal as 229 to 230, or that the earth's polar 
radius must be seventeen miles less than its equatmal 
radius-^that is, that the figure of the earth is an ob- 
late spheroid, formed by the revolution of an dlipse 
round its lesser axis. Hence it follows that the in- 
teURty of gravity at any point of the earth's sm^&ce 
is in the mverse ratio of the distance of that pinnl 
from the centre, and, consequently, that it diminishes 
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from the equator to the poles — ^a result which he ooa*- 
firmed by the fact, that clocks required to hare their 
pendulums shortened in order to heat true time, what 
carried from Europe towards the equator. 

The next subject to which Newton applied the 
principle of gravity was the tides of the ocean. The 
philosophers of all ages had recognised the connectioo 
between the phenomena of the tides, and the position 
of ihe moon. The College of Jesuits, at Coimbn, 
and subsequently Antonio de Dominis and Kepler, 
distinctly referred the tides to the attraction of the 
earth by the moon ; but so imperfect was the ezphnft- 
tion wluch was thus given of the phenomenon, thftt 
Galileo ridiculed the idea of lunar attraction, and 
substituted for it a fallacious explanation of his own. 
That the moon is the principal cause of the tides^ is 
obvious from the weU-kiiown fact, that it is high- 
water at any given place about the time when she is 
in the meri<]dan of that place ; and that the sun per- 
forms a secondary part in their production may be 
proved 'from the circumstance, that the highest tides 
take place when the sun, the moon, and the earth are 
in the same straight line — ^that is, when the force of 
the sun conspires with that of the moon ; and that 
the lowest tides take place when the lines drawn from 
the sun and moon to the earth are at right angles to 
each other — ^that is, when the force of the sun acts in 
opposition to that of the moon. The most perplexing 
j>henomenon in the tides of the ocean, and one which 
is still a stumbling-block to persons slightly acquainted 
with the theory of attraction, is the existence of high 
water on the side of the earth opposite to the moon, 
as well as on the side next the moon. To maintain 
that the attraction of the moon at the same instant 
draws the waters of the ocean towards herself^ and 
£ilso draws them from the earth in an opposite 
direction, seems, at first sight paradoxical; but 
the difficulty vanishes when we consider the 
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earth) or ratber the centre of the earth, and the 
water on each side of it as three distinct bodies 
placed at different distances from the moon, and 
consequently attracted with forces inversely propor- 
tional to the squares of their distances. The waiec 
nearest the moon will be much more powerfully at^ 
tracted than the centre of the earth, and the centre of 
the earth more powerfully attracted than the water 
fiurthest from the moon. The consequence of this roust 
be, that the waters nearest the moon will be drawn 
away from the centre of the earth, and will conse- 
quently rise from their level, while the centre of the 
earth will be drawn away from the waters opposite the 
moon, which will, as it were, be left behind, and con- 
sequently be in the same situation as if they were 
raised from the earth in a direction opposite to that 
in which they are attracted by the moon. Hence the 
effect of the moon's motion upon the earth is to draw 
its fluid parts into the form of an oblong spheroid, the 
axis of which passes through the moon. As the ac- 
tion of the sun will produce the very same effect, 
though in a smaller degree, the tide at any place will 
depend on the relative position of these two spheroids, 
and will b^ always equal cither to the sum or to the 
difference of the effects of the two luminaries. At 
the time of new and full moon the two spheroids will 
have their axis coincident, and the height of the tide, 
which will then be a spring one, will be equal to the 
sum of the elevations produced in each spheroid con- 
sidered separately, while at the first and third quarters 
the axis of the spheroids will be at right angles to each 
other, and the height of the tide, which will then be 
a neap one, will be equal to the difference of the ele- 
vations produced in each separate spheroid. By com- 
paring the spring and neap tides, Newton found that 
the force with which the moon acted upon the waters 
of the earth was to that with which the sun acted 
upon them as 4.48 to 1 ; that the force of the moon 
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^Fodaoed a tide of 8.63 feet, that of the sun of 1.93 
feet ; and both of them combined, one of 10 feet and a 
half French measnie, — a result which in the open sea 
does not deviate much from observation. Having thus 
ascertained the force of the moon upon the waters of 
our globe, he found that the quantity of matter in the 
moon was to that in the earth as 1 to 40, and the 
density of the moon to that of the earth as 11 to 9. 

The motions of the moon, so much within the reach 
of our own observation, presented a fine field for the 
application of the theory of universal gravitation. 
The irregularities exhibited in the lunar motions had 
been known in the time of Hipparchus and Ptolemy. 
Tycho Brahe had discovered the great inequality called 
file variation, amounting to 37 minutes, and depending 
On the alternate acceleration and retardation of the 
moon in every quarter of a revolution, and he had also 
ascertained the existence of the annual equation. Of 
these two inequalities Newton gave a most satisfactory 
explanation. The action of the sun upon the moon 
may be always resolved into two, one itcting in the 
direction of the line joining the moon and the earth, 
and consequently tending to increase or diminish the 
moon s gravity to the earth, and the other in a direc-- 
tion at right angles to this, and consequently tending 
to accelerate or retard the motion in her orbit. Now, 
it was found by Newton that this last force was re- 
duced to nothing, or vanished at the syzigies or quad- 
ratures, so that at these four points the moon described 
areas proportionable to the times. The instant, how- 
ever, that the moon quits these positions, the force un- 
der consideration, which we may call the tangential 
force, begins, and it reaches its maximum in the four 
octants. The force, therefore, compounded of these 
two elements of the solar force, or the diagonal of the 
parallelogram which they form, is no longer directed 
to the earth's centre, but deviates from it at a maxi* 

K 
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mnm about 30 minliteB, and therefore affects the angtt*^ 
ta motion of the moon, the motion being aecelenSed 
in passing from the quadratm^s to the 83rzigies, and 
xetarded in passing from the syzigies to the quadra- 
tures. Hence tbs velocity is in its mean state in the 
octants, a maximum in the S3rzigies, and a minimum in 
ibe quadratures. 

Upon considering the influence of the solar force in 
diminishing or increasing ihe moon's gravity to the 
earth, Newton saw that her distance and her periodic 
time must from this cause be subject to change, and in 
this way he accounted for the annu^ equation ob- 
served by Brahe. By the application of similar prin»- 
•iples, he explained the cause of the motion of the ap- 
sides, or of the greater axis of the moon's orbit, which 
has an angular progressive motion of three degrees 
four minutes nearly in the course of one lunation, and 
he showed that the retrogadation of the nodes, amount- 
ing to three minutes ten seconds daily, arose from one 
of the elements of the solar force being exerted in the 
plane of the ecliptic, and thus cause the line of the 
nodes, or the intersection of these two planes, to move 
in a direction opposite to that of the moon. The 
lunar theory thus blocked out by Newton, required for 
its completion the labours of another century. The 
imperfections of the fluxionary calculus prevented him 
from explaining the other inequalities of the moon's 
motions, and it was reserved to Euler, D'Alembert, 
Clairant, Mayer, and Laplace to bring the lunar tables 
to a high degree of perfection, and to enable the navi- 
gator to determine his longitude at sea with a degree 
of precision which the most sanguine astronomer could 
scarcely have anticipated. 

By the consideration of the retrogade motion of 
flie moon's nodes, Newton was led to discover tbe 
cause of the remarkable phenomenon of the procession 
of the equinoctial points which moved fifty seconds 
Annually, and completed the circuit of the heavens in 



y Google 



SIR IBjLkC NEWTON. 147 

25,920 Tears. Kepler declared himself unable to 
assign any cause for ibis motion, and we do not think 
any other person ever made the attempt. From the 
spheroidal form of the earth, it may regarded as a 
sphere with a spheroidal ring surrounding its equator, 
one half of the ring being above the plane of the 
ecliptic, and the other half below. Considering this 
excess of matter as a system of sateUites adhering to 
the earth's surface, Newton saw that the combined 
actions of the sun and moon upon these satellites 
tended to produce a retrogadation with the nodes of 
the circles which they described in their diurnal rota- 
tion, and that the sum of all the tendencies being 
communicated to the whole mass of the planet, ought 
to produce a slow retrogadation of the equinoxial 
points. The efiRect produced by the motion of the 
8aa he found to be forty seconds, and that produced 
by the action of the moon ten seconds. 

Although there could be little doubt that the 
comets were retain^ in their orbits by the same laws 
which regulated the motions of the planets, yet it 
was difficult to put this opinion to ihe test of obser- 
Tation. The visibility of comets only in a small part 
of thear orbits rendered it difficult to ascertain their 
distance and periodic time, and as their periods weie 
probably of great length, it was impossible to correct 
approximate results by repeated observation. Now- 
ton, however, removed this difficulty, by showing 
how to determine the orbits of a comet, namely, the 
form and position of the orbit, and the periodic time, 
by three observations. By applying this method to 
the comet of 1680, he calculated the elements of its 
orbit, and from the agreement of the computed places 
with those which were observed, he justly inferred 
tiiat the motion of comets were regulated by the same 
kwB as those of the planetary bodies. This result 
WIS one of ^reat importance; for as the comets enter 
max system m every possible direction, and at all an- 
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gles with the ecliptic ; and, as a great part of iheSx 
orbits extend far beyond the limits of the solar sys- 
tem, it demonstrated the existence of gravity in spaced 
far removed beyond the planet, and proved that the 
law of the inverse ratio of the squares of the distance 
was true in every possible direction, and at very 
remote distances from the centre of our system. 

Such is a brief view of the leading discoveries 
which the " Principia" first announced to the world* 
The grandeur of the subjects of which it treats, the 
beautiful simplicity which it unfolds, the dear and 
concise reasoning by which that system is explained, 
and the irresistible evidence by which it is supported, 
might Kave insured it the warmest admiration of con- 
temporary mathematicians, and the most welcome 
reception in all the schools of philosophy throughout 
Europe. This, however, is not the way in which 
great truths are generally received. Though the 
astronomical discoveries of Newton were not assailed 
by the class of ignorant pretenders who attacked his 
optical writings, yet they were everywhere resisted by 
the errors and prejudices which had taken a deep hold 
even of the strongest minds. And, notwithstanding 
a few examples that might be quoted, we must ad- 
mit the truth of the remark of Voltaire, that "though 
Newton survived the publication of the ' Principia' 
more than forty years, yet at the time of his death, 
he had not above twenty followers out of England." 

With regard to the progress of the Newtonian 
philosophy in Great Britain, some difference of 
opinion has been entertained. Professor Play&ir 
gives the following account of it. " In the univer- 
sities of England, though the Aristotelian physics had 
made an obstinate resistance, they had been sup- 
planted by the Cartesian, which became firmly esta- 
blished about the time when their foundation began 
io be sapped by the general progress of science, and 
particularly by the discoveries of Newton. For more 
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than thirty years after the puhlication of these disco- 
veries, the system of vortices kept its ground, and a 
translation from the French into Latin of the Physics 
of Rohault — a work entirely Cartesian, continued at 
Caanhridge to be the text for philosophical instruction. 
About the year 1718, a new and more elegant trans- 
lation of the same book was published by Dr. Samuel 
Clarke, with the addition of notes, in which that pro- 
found and ingenious writer explained the views of 
Newton on the principal objects of discussion, so that 
the notes contained virtually a refutation of the text ; 
they did so, however, only virtually, all appearance of 
argument and controversy being carefully avoided. 
Whether this escaped the notice of the learned 
Doctor or not, is uncertain ; but the new translation, 
from its better Latinity, and the name of the editor, 
was readily admitted to all the academical honours 
which the old one had enjoyed. Thus the stratagem 
of Dr. Clarke completely succeeded ; the tutor might 
predict from the text, but the pupil would sometime?^ 
look into the notes, and error is never so sure of being, 
exposed, as when the truth is placed close to it, side 
by side, without anything to alarm prejudice, or 
awaken from its lethargy the dread of innovation. 
Thus, therefore, the Newtonian philosophy first. 
entered the university of Cambridge under the pro- 
tection of* the Cartesian." To this passage the- 
learned professor adds the following as a note. 

" The universities of St. Andrews and Edinburgb 
were, I believe, the first in Britain where the New- 
tonian philosophy was made the subject of the acade- 
mical prelictions. For this distinction they are in- 
debted to James and David Gregory, the first in some 
xespects the rival, but both the friends of Newton. 
Winston bewails, in the anguish of his heart, the dif- 
ference, in this respect, between those universities and 
his own. David Gregory taught in Edinburgh for 
several years prior to 1690, when he removed to 
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Oxford ; and Whiston says, ^ he had ahready caused 
several of his scholars to keep acts, as we call them, 
upon several branches of the Newtonian philosophy, i 

while we, at Cambridge, poor wretches, were igno- 
miniously studying the fictitious hypothesis of the ^. 

Cartesians/ I do not, however, mean to say, that I 

from this date the Cartesian philosophy was expelled 
from these universities ; the Physics of Rohault were 
still in use as a text-book — at least occasionally, to a 
. much later *period than this, and a great deal, no 
doubt, depended on the character of die individual. : 

Professor KeiU introduced the Newtonian philosophy i 

in his lectures at Oxford in 1697 ; but the instruc- ^ 

tions of the tutors, which constitute the real and effi-* 
cient system of the university were not cast into the 
mould till long afterwards." Mr. Dugald Stewart, 
adopting the same view of the subject, has stated, " That 
the philosophy of Newton was publicly taught by 
David Gregory at Edinburgh, and by his brother 
James Gregory, at St. Andrews, before it was able to 
supplant the vortices of Descartes, in the very univer- 
sity of which Newton was a member. It was in the 
Scottish universities that the philosophy of Locke, as 
well as that of Newton, was first adopted as a branch 
of academical education." 

Anxious as we should have been to have awarded 
to Scotland the honour of having first adopted the 
Newtonian philosophy, yet a regard for historical trath 
compels us to take a different view of the subject. It 
is well known that Sir Isaac Newton delivered 
lectures on his own philosophy from the Lucasiaa 
chair before the publication of the Principia ; and m 
the very page of Whiston s Life quoted by Professor 
Pla3rfair, he informs us that he had heard him read 
such lectures in the public schools, though at that 
time he did not at all understand them. Newton ccai'* 
tinned to lecture till 1699, and occasionally, we pre- 
sume, till 1703, when Whiston became \m sucoessQr, 
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having been appointed his deputy in 1699. In both 
of these capacities Whiston deUvered in the public 
schools a course of lectures on astronomy, and a course 
of physico-mathematical lectures, in which the mathe- 
matical philosophy of Newton was explained and 
demonstrated ; and both these courses were published, 
the one in 1707, and the other in 1710, " for the use 
of the young men in the university." In 1707, the 
celebrated blind mathematician, Nicholas Saunderson, 
took up his residence in Christ's College, without 
being admitted a member of that body. The society 
not only allotted to him apartments, but gave him the 
free use of their library. With the consent of Whis- 
ton he dehvered a course of lectures " On the Prin- 
cjpia, Optics, and Universal Arithmetic of Newton,'' 
and the popularity of these lectures was so great that 
Sir Isaac corresponded on the subject of them with 
their author; and on the ejection of Whiston from 
Lucftsian chair in 1711, Saunderson was appointed 
his successor, and contined to teach the Newtomail 
philosophy till his death in 1739. 

One of the most strenuous supporters of the New* 
tonian philosophy was Dr. Langton. In 1709-10, 
-vhen he was proctor of the college, instead of appoint- 
ing a moderator, he discharged the office himself, and 
devoted his most active exertions to the promotion of 
mathematical knowledge. Previous to this, he had 
even published a paper of questions on the Newtonian 
philosophy, which appear to have been used as theseg 
for disputations ; and such was his ardour and learn- 
ing thatihey greatly contributed to the popularity of 
his college. Between 1706 and 1716, the celebrated 
Boger Cotes, the friend and disciple of Newton, filled 
the Plumian chair of astronomy and e3q)erimeutal 
philosophy at Cambridge. During this period he 
edited the second edition of the Principia, which he 
aniiched with an adnoirable prefEiee, and thus contri^ 
bttted by his writings as wdl as by his lectures, to 
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advance the philosophy of his master. About the 
same time, the celebrated Dr. Bentley, who first made 
known the philosophy of his friend to the readers of 
general literature, filled the high office of Master of 
Trinity College, and could not have failed to have 
exerted his utmost influence in propagating doctrines 
which he so greatly admired. Had any opposition 
been offered to the introduction of the true system of 
the universe, the talents and influence of these in- 
dividuals would have immediately suppressed it ; but 
no such opposition seems to have been made; and 
though there may have been individuals at Cam- 
bridge, ignorant of mathematical science, who ad- 
hered to the system of Descartes, and studied the 
physics of Rohault, yet it is probable that similar 
persons existed in the Scottish universities ; and we 
cannot regard their adherence to error as disproving 
the general fact, that the philosophy of Newton was 
quickly introduced into all the universities of Great 
Britain. 

Dr. John KeiU was the first person who publicly 
taught natural philosophy by experiments. Desagu- 
liers informs us that this author "Jaid down very 
simple propositions, which he proved by experiments, 
till he had instructed his auditors in the laws of 
motion, the principles of hydrostatics and optics, and 
some of the chief propositions of Sir Isaac Newton, 
concerning light and colours. He began these courses 
in Oxford about the year 1704 or 1705, and in that 
way introduced the love of the Newtonian philosophy." 
When Dr. Keill left the university, Desaguliers be- 
gan to teach the Newtonion philosophy by experi- 
ments. He commenced his lectures at Harthall in 
Oxford, in 1710, and delivered upwards of one hun- 
dred and twenty courses ; and when he went to settle 
in London in 1713, he informs us that he found '^the 
Newtonian philosophy generally received among persons 
of all ranks and professions, and even among £e ladies 
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by the help of experiments." Such were the steps by 
which the philosophy of Newton was established in 
Gbeat Britain ; and long before his death Sir Isaac 
enjoyed the high satisfaction of seeing his doctrine 
triumphant in his native land. 

Previous to the time of Newton, the doctrine of 
infinite quantities had been the subject of the most 
anxious study. The ancients made the first step in 
this curious inquiry by a rude, though ingenious, at- 
tempt to determine the area of curves. The method 
of exhaustions which was used for this purpose con- 
sisted in finding a given rectilinear area to which the 
inscribed and circumscribed polygonal figures conti- 
nually approached by increasing the number of their 
sides. This area was obviously the area of a curve, 
and in the case of the parabola it was found by Archi- 
medes to be two*thirds of the area formed by multi- 
pfying the ordinate by^the abscissa. Although the 
synthetical demonstration of the results was perfectly 
conclusive, yet the method itself was limited and im- 
perfect. The celebrated Pappus of Alexandria fol- 
lowed Archimedes in the same inquiries, and in his 
demonstration of the property of the centre of gravity 
of a plane figure, by which we may determine the 
solid formed by its revolution, he has shadowed forth 
the discoveries of later times. 

In Ms curious tract on Stareometry, published in 
1615, Kepler made some advances in the doctrine of 
infinitesimals. Prompted to the task by a dispute 
with the seller of some casks of wine, he studied the 
measurement of solids formed by the revolution of a 
curve round any line whatever. In solving some of 
the simplest of these problems, he conceived a circle 
to be formed of an infinite number of triangles having 
all their vortices in the centre, and their infinitely 
snudl bases in the circumference of the circle, and by 
thus rendering familiar the idea of quantities infinitely 
great and inmitely smaU, he gave an impulse to tbia 
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hniK^ of mathematios. The fEuluxe of Kepler, too» 
IB solving 8ome of the moie di£icalt of the probtonifl 
which he himself proposed, roused the attention of 
geometos, and seems porticidarly to have attxaotod 
the notice of Cavaleri. 

This ingenious mathemaldcian was horn at Milaa in 
1598, and was Professor of Geometry at Bologna. la 
his method of Indivisibles, which was published in 
1635, he oonsid^red a line as c(»nposed of an infinite 
number of points, a surface of an infinite number e£ 
liaes, and a solid of an infinite number of 6ur£M»8 ; • 
and he lays it down as an axiom, that the infiaite 
sums of such lines and surfiioes have the same laiif^ 
when oompaied with the linear or superficial unit, as 
the surfaces and solids which are to be determined* 
Jj9 it is not true that an infimte number of infinitely 
eoBUill p<»iLts cim make a line, or an infinite number ik. 
infinitely smaQ lines a surface, Pascal removed this 
Terbal diffioulty by considering a line as composed oC 
an infinite nnniber of infimtely short lines, a sur&o& 
as composed of an infinite number of infinitely xmsrow 
fwcalleloi^ams, and a solid of infinitely thm solids. 
Bqyt, in<^>endent of this coirectioa, the oonclusionft 
deduced hy Oavalon are rigorously true, and his me- 
thod of asea^tabung the ratios of areas and solids to 
one another, and the theorems ^ivkaxk. he deduced fron 
itf may be considered as formmg an era in maiiihe- 
matics. 

By the application of this method, Boberval and 
TorioeUi showed that the area of the cycldd is three 
ikofiB that «f its generating cirole, and the foxvfter 
esctended the method of Cavakri to the case yrheaB& 
the powers of the terms f^f the ariithmetical progression 
to he summed were fractional 

In spying the doeteine of infinitely small quan- 
tities to detennbe the taq^ents of curves, and tihe 
int(xwa and mifldina of th^ ordmates, both Robev^ 
^ and Eeosna^ made a near u^pcimk to the ini:fiO» 
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tkm of Fluxions — so near indeed, ihat both '. 

and Laplace have pronounced the latter to be the tme 

inventor of the differential calculuB. 

The labours of Peter Fermais, a eounsellor of the 
parliament of Thoulouse, approached still nearer to 
the fluxionary calculus. In his method of determimng 
the maxima and minima of the ordinates of curves, he 
substitutes s+e for the independent variables; in 
the function which is to beeome a maximum, sud as 
these two expressions should be equal when e be* 
comes infinitely small or o^ he frees this ^equation from 
surds and radicals, and after dividing the whole by e e 
is made == o, and the equation for the maximum is thus 
obtained. Upon a similar principle he founded has 
method of drawing tangents to curves. But though 
i^ methods thus used by Format are in principle £e 
same with those which connect the theory of tang^it» 
and of maxima with the analytical method of ta^ 
hibiting the differential calculus, yet it is a singular 
example of national partiality, to consider the inveoBi'^ 
tor of these methods as the invented of the method .of 
fluxions. 

The discoveries of Fermat were improved and akn- 
pil^ed by Hudde, Huygens, and Baarow, aad by tiie 
publication of the ^' Arithmetic of Infinites" by Dr. 
Wallis, Savilian Professor of Geometry at Oxford, 
mafthmnaticiaas were conducted to the very ^atrance 
of a new and untrodden field of discovery. This dijeh- 
tinguj^ed author had effected the quadrature of ail 
carves whose ordmates can be expressed by any dkeet 
ioAeeral powers ; and though he had extended his 
coadusions to the eases where the (»rdinates ace fix^ 
pcwBsed by the mverse or fraotioiBal powers, yet he 
fioled in its application. Nicofaus Mercator (Kxa&Buma) 
aunnounted the difficulty by which WalHs had been 
baffled,. by the oontixiaed divisioQ of the numerator by 
tibie denomiiiator to infinity, and the implying WsSiB'm 
metSiod to tlie reBoll^pQiBitlve poi^ luthtefRMT 
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he obtained, in 1667, the first general quadrature of 
the h3rperboIa, and, at the same time, gave the regu- 
lar deyelopment of a function in series. 

In order to obtain the quadrature of the circle, Dr« 
Wallis considered that if the equations of the curves 
of which he had given the quadrature were arranged 
in a series, beginning with the most simple, these 
aieas would form another series. He saw also that 
the equation of the circle was intermediate between 
the first and second terms of the first series, or be- 
tween the equation of a straight line and that of a pa- 
rabola, and hence he concluded, that by interpolating 
a term betwen the first and second term of the second 
series, he would obtain the area of the circle. In pur- 
suing this singularly beautiful thought. Dr. Wallis 
did not succeed in obtaining the indefinite quadrature 
of the circle, because he did not employ general ex- 
ponents ; but he was led to express the entire area of 
the circle by a fraction, the numerator and the deno- 
minator of which are each obtained by the multiplica- 
tion of a certain series of numbers. 

Such was the state of this branch of mathematical 
science when Newton, at an early age, directed his 
attention to it. At the commencement of his mathema- 
tical studies, when the works of Dr. Wallis fell into 
his hands, he was led to consider how he could inter- 
polate the general values of the areas in the second 
series of that mathematician. With this view he in- 
vestigated the mathematical law of the co-efficients of 
the series, and obtained a general method of interpo- 
lating not only the series above referred to, but also 
other series. These were the first steps taken by New-. 
ton; and, as he himself informs us, in his letter to the 
secretary of the Royal Society, October 24, 1676, they 
would have entirely escaped from his memoiy, if he had 
not a few weeks before found the notes which he had 
made upon the subject. When he had obtained this 
method, it occurred to him that the very same process 
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was applicable to the ordinates, and by following out 
this idea, he discovered the general method of reducing 
radical quantities, composed of several terms into in- 
finite series, and was thus led to the discovery of the 
celebrated '^Binomial Theorem." He now entirely 
neglected his methods of interpolation, and employed 
that theorem alone as the easiest and most direct me- 
thod for the quadratures of curves, and in the solu- 
tion of many questions which had not even been at- 
tempted by the most skilful mathematicians. 

After having applied the Binomial theorem to the 
rectification of curves, and to the determination of the 
surfetces and contents of solids, and the position of their 
centres of gravity, he discovered the general principle 
of deducing the areas of curves from the ordinate, by 
considering the area as a nascent quality increasmg by 
continual fluxion in the proportion of the length of the 
ordinate, and supposing the abscissa to increase uni- 
formly iu proportion to the time. In imitation of 
Calverius, he called the momentary increment of a 
line a point, though it is not a geometrical point, but 
an infinitely short line ; and the momentary increment 
of an area or surface he called a line, though it is not 
a geometrical line, but an infinitely narrow space. By 
thus regarding lines as generated by the motion of 
points, surfaces by the motions of lines, and solids by 
the motion of sarfaces, and by considering that the 
ordinates, abscissare, &c., of curves thus formed, vary 
according to a regular law depending on the equation 
of the curve, he deduces from this equation the velo- 
cities with which these quantities are generated ; and 
by the rules of infinite series he obtains the ultimate 
value of the quantity required. To the velocities with 
which every line or quantity is generated, Newton 
gave the name of Fluxions^ and to the lines or quan- 
nties themselves that of Fluents. This method con- 
stitutes the doctrine of fluxions which Newton had 
invented previous to 1666, when the breaking out of 
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{he plagne ai Cambridge droYe liim £rom tliat eU?f, 
aad tamed his attention to other sabjects. 

But though Newton had not coramaaicaied tins 
gveat inyention to any ci his Mends, he composed his 
treatise ^^ Analysis per eqnaiiones namero terminonaA 
mfinitaSy" in which the principle of fluxions and its 
nnmwona applications are clearly pointed out. In the 
montii of June, 1^0, he eoninranicated this work to 
Dr. Borrow, who mentions it in a letter to Mr. Col- 
lins, dated the 20th June, 1699, as the production of 
ft friend of his residing at Cambridge, ;who possesses a 
fine genius for such inquiries. On the dlst of July ^ 
he transmitted the work to Collins ; and having re- 
eeired his approbation of it, he informs him that the 
same of the author was Newton, a fellow of his oyim 
eoUege, and a young man who had only two yeacs 
before taken his d^pree of M.A. Collins took a copy 
of this treatise, and vetumed the original to Dr. Bar- 
row ; and this copy having been found among Collin» s 
papers by his friend Mr. William Jones, and oompaied 
With the original manuscript borrowed from Newton, 
it was published with the consent of Newton in 1711, 
nearly half a century after it was written. 

Though the discoyeries contained in this treatise 
Were not at first given to the world, yet they were 
made generally known to mathematicians by the cor* 
sespondence of Collins, who communicated them to 
James Ghregory ; to Bertel and Yemon, in France ; 
to Slnisius, in Holland ; to Borelli, in Italy ; and to 
Strode, Townsend, and Oldenburgh, in letters dated 
between*1669 and 1672. 

Hitherto the method of fluxions was known only to 
the friends of Newton and their correspondents ; but 
in the first edition of the ^' Principia," which appeansd 
in 1687, he published, for the first time, the fimda* 
mental principle of the fluxionary calculus, in 'ibe 
Moond lemma of the second bo<^. No informatioiB, 
however,! is here given req^ecting the algoriithm, er 
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mbs^0a of i^e calciilaeF, tmd it was not t31 199^ that 
it was coinmuucaM to tMe matkemstical world tbbl 
tlie second volume of Dt. WaUis's works, which were 
published in that year. This information was ex- 
traeted from two letters written by Newton, in 1^2. 

Some time in the year 1672, Newton hsid nnder- 
taken to publish an ecQtion of Kinckfauysen s Algebra, 
with notes and additions. He tiberefore drew up a 
treatise, entitled " A Method of Fluxions," which he 
proposed as an introduction to tibat work ; but the ^ 
fear of being inrolved in disputes about this new dis- 
corery, or perhaps the wish to render it more com- 
plete, or to have the sole advantage of employing it in 
his physical researches, induced him to abandon this 
design. At a later period of his life he again resolved 
to give it to the world ; but it did not appear till after 
his death, when it was translated into English, and 
ptdblished in .1736, with a commentary by Mr. John : 
Colson, Professor of Mathematics in Cambridge. 

To iihe first of Newton's Optics, which appeared in 
1704, there were added two mathematical treatises^ 
** enlitled " Tractatus duo de speciebus et magnitudine 
figurarum curvilinearum," the one bearing the title of 
" Tractatus de Quadratura Curvarum," and the other 
** Enumeratio linearum tertii ordinis." The first con- 
tains an explanation of the doctrine of fluxions, and 
of its application to the quadrature of curves ; and 
flie second a classification of seventy-two curves of the 
third order, with an account of their properties. The 
TetnacfH for publishing these two tracts in his Optics (in 
the subsequent editions of which they are omitted) is 
ihtts stated in the advertisement : — " In a letter writ- 
ton to M. Leibnitz, in tBe year 1679, and published 
by Dr. Wallis, I mentioned a method by which I had 
Ibimd some general theorems about squaring curvili- 
near figures on comparing them with the conic sections, 
or o&iBV the simplest figures with which they might hd 
compared. And some years ago I lent out a mann- 
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script containing such theorems; and having since 
met with some things copied out of it, I have on this 
occasion made it public, prefixing to it an introduc- 
tion, and joining a scholium concerning that method. 
And I have joined with it another small tract con- 
cerning the cnrvilineal figures of the second kind, 
which was also written many years ago, and made 
known to some friends, who have solicited the making 
it public." 

In the year 1707, Mr. Whiston published the alge- 
braical lectures which Newton had, during nine years, 
delivered at Cambridge, under the title of *' Arith^ 
metica Universalis, sive de Compositione et Resolu- 
tione Arithmetica Liber." It is not known how Mr. 
Whiston obtained possession of this work ; but it is 
stated by one of the editors of the English edition, 
that " Mr. Whiston, thinking it a pity that so noble 
and useful a work should be doomed to a college con- 
finement, obtained leave to make it public." It was 
soon after translated into English by Mr. Ralphson ; 
and a second edition of it, with improvements by the 
author, was published at London in 1712 by Dr. 
Machin, then secretary to the Royal Society. With 
the view of stimulating mathematicians to write 
annotations on this admirable work, the celebrated 
S'Gravesande published a tract entitled " Specimen 
Gommentarii in Arithmeticam XJniversalem ;" and 
Maclaurin's Algebra seems to have been drawn up in 
consequence of this appeal. 

Among the mathematical works of Newton, we 
must not omit to enumerate a small tract entitled 
" Methodus Differentialis," which was published with 
his consent in 1711. It consists of six propositions, 
which contain a method of drawing a parabolic curve 
through any given number of points, and which was 
useful for constructing tables by the interpolation of 
series, and for solving problems depending the quadra- 
ture of curves. 
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Another mathematical treatise of Newton's was 
published for the first time in 1779, in Dr. Horsley's 
edition of his works. It is entitled " Artis Analyticse 
Specimina, Tel Geometria Analytica." In editing this 
work, which occupies about one hundred and thirty 
quarto pages, Dr. Horsley used three manuscripts, one 
of which wa^in the handwriting of the author; another, 
written in an unknown hand, was given by Mr. William 
Jones to the Hon. Charles Cayendish ; and a third, 
copied from this by Mr. James Wilson, the editor of 
Hobins's works, was given to Dr. Horsley by Mr. 
John Nourse, bookseller to the king. Dr. Horsley 
has divided it into tvpelve chapters, which treat of 
infinite series ; of the reduction of affected equations ; 
of the specious resolution of equations ; of the doc- 
trine of fluxions ; of maxima and minima ; of drawing 
tangents to curves ; of the radius of curvature ; of the 
quadrature of curves ; of the area of curves which 
are comparable with the conic sections ; of the con- 
struction of mechanical problems, and on finding the 
lengths of curves. 

In enumerating the mathematical works of Sir Isaac 
Newton, we must not overlook his solutions of the 
celebrated problems proposed by Bemouilli and Leib- 
nitz. On the Kalends of January, 1697, John Ber- 
nouilli addressed a letter to the most distinguished 
mathematicians in Europe, challenging them to solve 
the two following problems : — 

1. To determine the curve like connecting two 
given points which are at different distances from the 
horizon, and not in the same vertical line, along 
which a body passing by its own gravity, and begin- 
ning to move at the upper point, shall descend to the 
lower point in the shortest time possible. 

2. To find a curve line of this property, that the 
two segments of a right line drawn from a given point 
through the curve, Wng raised to any given power, 
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and tak^i together, may make everjwhere the same 
sum. 

On the day after receiving these problems, Newtoa 
addressed to the President ^ the Boyal Society a ao- 
Itttion of them both. He announced that the curre 
required in the first problem mtast be a cycloid, and 
he gave a method of deteimining it. He 'solved also 
the second problem, and he du>wed that by the same 
method other curves might be formed whicji shall cut 
off three or more segments having the like proportions. 
Leibnitz, who w£& struck with the beauty of the 
problem, requested the author, who had allowed six 
months for its solution, to extend the period to double 
that time. This delay was readily granted, and so- 
luti(»is were obtained from Newton, LdboitaE, and the 
Marquis de L'Hopital ; and although that of Newton, 
yet B^mouOli reco^used in it his powerfol mind, '' as 
the Uon is known by his claw." 

The last mathematical effort of Sir Isaac was made 
with his usual success in solving a problem which 
Leibnitz proposed in 1716, in a letter to the Abbe 
Conty, " for the purpose of feeling the pulse of the 
English analysts," as he expressed it. The object of 
this problem was to determine the curve which should 
cut at right angles an infinity of curves of a given na« 
ture, but expressible by the same equation. Newton 
received this problem about five o'clock in the after- 
noon, and though the problem was extremely difficnlt, 
and he himself much fatigued at the time, yet he 
finished the solution of it before he went to bed. 

Such is a short account of the mathematical writings 
of Newton, not one of which as is reported^ were vo- 
luntarily 'communicated to the world by himsdU'. The 
publication of his "Universal Arithmetic," is saidtoha^e 
been a breach of confidence on the part of Whiston ; 
and however this may be, it was, as is evident, an 
unfinished work never designed fwr the public. The "• 
in consequence of plagiarisms front the manuscripts of 2 
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y publication <^ Ms " Quadrature of Curves/' and of his 
^^Enumeration of Curve Lines," was rendered necessary ' 

;rth6m which he had lent to his Mends, and the rest of 
his analytical writings did not appear till after his 
death. It is impossible to penetrate into the motives 
by which Sir Isaac was on these occasions actuated. 
If his object was to keep possession of his discoveries 
till he had brought them to a higher degree of per- 
fection, we may approve of the propriety, though 
we can by no means admire tl» prudence of such a 
step. If he vrished to retain to himself his own 
methods, iu order that he alone might have the ad- 
vantage of them, in prosecuting his inquiries, we 
cannot reconcile so selfish a measure with that open* 
ness and generosity of character which marked the 
whole of our author's life. If he withheld his labours 
from the world in order to avoid the disputes and con- 
tentions to which they might give rise,' he adopted 
the very worst method of securing his tranquillity. 
That this was the leading motive under which he 
acted, there can be little doubt. The early delay in 
the publication of his method of fluxions, after the 
breaking out of the plague at Cambridge, was proba- 
bly owing to his not having completed the algorithm 
of that calculus ; but no apology can be made for the 
imprudence of withholding it any longer from the 
public. Had he published this noble discovery even 
previous to 1623, when his great rival had not even 
entered upon these studies which led him to the 
same method, he would have secured to himself the 
undivided honour of the invention ; and Leibnitz 
could have aspired to no other fame but that of an im- 
prover of the doctrine of fluxions. But he unfortu- 
nately acted otherwise. He announced to his friends 
thai he possessed a method of great generality and 
power ; he coqcmiumcated to them a general account 
of its principles and applications ; and the informa- 
tion which was thus conveyed directed the attention 
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of mathematicians to subjects to which they might not 
otherwise have applied their powers. In this way, thfe 
discoveries which he had previously made, were made 
subsequently by others ; and Leibnitz, in place of 
appearing in the theatre of science as the disciple and 
follower of Newton, stood forth with all the dignity 
of a rival ; and, by the early publication of his disco- 
veries, had nearly placed himself on the throne whicli 
Newton was destined to ascend. 

A brief account of the dispute between Newton 
and Leibnitz, respecting the invention of fluxions, is all 
that we can admit here from the popular nature of our 
volume. 

In the beginning of 1673, Leibnitz came to London 
in the suite of the Duke of Hanover, nnd he became 
acquainted with the great men who then adorned the 
capital of the British Empire. Among these was 
Oldenburg, a fellow countryman, who was the se- 
cretary to the Royal Society. About the beginning of 
March in the same year, Leibnitz went to Paris, whcre^ 
with the assistance of Huygens, he devoted himself 
to the study of the higher geometry. In the month 
of July he renewed his correspondence with Oldenburg^ 
and he communicated to him some of the discoveries^ 
which he had made relative to a series, particularly 
the series for a circular arc in terms of the tangents 
Oldenburg informed him in return of the discoveries 
of Newton and Gregory on series; and in 1676, 
Newton communicated to him, through Qldenburg, a^ 
letter of fifteen closely printed quarto pages, contain- 
ing many of his analytical discoveries, and stating^ 
that he possessed a general method of drawing tan- 
gents, which he thought it necessary to conceal in 
two sentences of transposed characters. 

In this letter neither the method of fluxions nor any 
of its principles are communicated, but the superiority 
of the method over all others is so full described, thai 
Leibnitz could scarcely fail to discover that Newton 
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possessed that secret of which geometers had so long 
been in qu^st. 

' Had Leibnitz, at the time of receiving this letter, 
been entirely ignorant of his own differential method, 
the information thus conveyed to him by Newton 
could not fail to stimulate his curiosity, and excite 
his mighty efforts to obtain possession of so great a 
secret. That this new method was intimately con- 
nected with the subject of series was clearly indicated 
by Newton ; and as Leibnitz was deeply versed in 
this branch of analysis, it is far from improbable that 
a i|[iind of such strength and acuteness might attain his 
object by direct investigation. That this was the 
case may be inferred from his letter to Oldenburg, 
(to be communicated by Mr. Newton), of the 21st of 
June, 1677, where he mentions he had for sometime 
been in possession of a method of drawing tangents 
more general than that of Sluisius, namely, by the 
differences of ordinates. He then proceeds with the 
utmost frankness to explain the method, which was 
no other than the differential calculus. He describes 
the algorithm which he had adopted, the formation of 
differential equations, and the application of the cal- 
culus to various geometrical analytical questions. No 
answer seems to have been returned to this letter, 
either by Newton or Oldenburg, and with the ex- 
ception of a short letter from Leibnitz to Oldenburg, 
12th of July, 1677, no farther correspondence seems 
to have taken place. This may be accounted for by 
the death of Oldenburg in the month of August, 
when the two rivals pursued their researches with all 
the zest which the greatness of the subject was so 
well calculated to inspire. 

In the hands of Leibnitz the different calculus made 
rapid progress. In the Ada Eruditornm, which was 
published at Leipsic, in November, 1684, he gave the 
first account of it, describing its algorithm in the same 
manner as he had done in his letter to Oldenburg, and 
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p<«itiiig <mi its applifiaiioB io the drawing of tangents^ 
and the determination of maxima and minima. He 
Slakes a remote reference [to the similar ealcnitis of 
Newton, but lays no claim to the sole invention of 
ihe differential method. In the same work for June, 
1686, he resumes the subject, and when Newton had 
not published a single word upon fluxions, and had 
not eyen made known his notation, the differential 
calculus was making rapid adyances on the continent ; 
and in the hands of the brothers, Bemouilli, had 
proved the means of solving some of the most import- 
ant and difficult proUems. 

The silence of Newton was at last broken, and in 
the second lemma of the second book of the Frincipia, 
be explained the fundamental principle of the fluxion- 
ary calculus. His explanation, which was very sh(»rt, 
concluded with the following scholium. ^^ In a corres- 
pondence which took place about ten years ago be* 
tween that veiy skilful geometer, G. G. Leibnitz, 
and myself, I announced to him that I possessed a 
method of determining maxima and minima, of 
drawing tangents, and of performing similar operations 
which was equally applicable to rational and irrational 
quantities, and concealed the same in transposed letters 
involving this sentence " (data equatione quotemeque 
fluentes quantitates involvente fluxiones invenire et 
vice versa.)" This illustrious man replied that he had 
also fallen on a method of the same kind, and he com- 
municated to me his method which scarcely differed 
fifom mine except in the notation, and in the idea of 
the generation of ^quantities." This celebrated 
Bcholium, which is so often referred to in the present 
controversy, has, in our opinion, been much misappre- 
hended. While Biot considers it as " eternalizing the 
rights of Leibnitz by recognising them in the Prin- 
dpia," Professor Playfair regards it as containing '' a 
highly fsivourable opinion on the subject of the dis- 
fieveries of Leibnitz." To us it appears to be nothing 
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iDore than the simple statement of the fact, that the 
method communicated hj Leibnitz was nearly the 
same as his own ; and this mnch he might have said 
whether he believed that Leibnitz had seen the 
fluxionary calculus among the papers of Collins, or 
was the independent inventor of his own. It is more 
than probable, indeed, that when Newton wrote this 
scholium, he regarded Leibnitz as a second inventor ; 
but when he found that Leibnitz and his friends had 
shown a willingness to believe, and had even ventured 
to throw out uie suspicion, that he himself had bor- 
rowed the doctrine of fluxions from the differential 
calculus, he seems to have altered the opinion which 
he had formed of his rival, and to have been willing in 
bid turn to retort the charge. 

This change of opinion was brought about by a 
change of circumstances over which he had no con- 
trol. Duillier, a Swiss mathematician, resident in 
London, communicated to the Royal Society in 169d, 
a paper on the line of quickest descent, which contains 
the following observations : — ^* Compelled by the evi- 
dence of facts, I hold Newton to have been the flrst 
inventor of this calculus, and the earliest by several 
Tears ; and whether Leibnitz, the * second inventor/ 
has borrowed any thing from the, other, I would pre- 
fer to my own judgment that of those who have seen 
the letters and other copies of the same manu8cript» of 
Newton." This imprudent remark, which by no 
means amounts to a charge of plagiarism, for Leibnitz 
is actually designated the ^ second inventor,' may be 
considered as showing that the English mathematicians 
had been cherishing suspicions unfavourable to Leibnitz, 
and there can be no doubt that a feeling had long pre- 
vailed that this mathematician either had, or might 
have, seen among the papers of Collins the Analysis 
per Equationes &c., which contained the principles of 
the fluzionary method. Leibnitz replied to the re- 
mark of Duillier with much good feeling. He appealed 
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to the facts as exhibited in his correspondence with 
Oldenburg; he referred to Newton's scholium as a 
testimony in his favour, and, without disputing or ac- 
knowledging the priority of Newton's claim, he assert- 
ed his own right to the invention of the differential 
calculus. Duillier transmitted a reply to the ^^ Leipsic 
Acts ;" but the editor refused to insert it. The dis- 
pute therefore terminated, and the feelings of the con- 
cluding parties continued for some time in a state of re- 
pose, though ready to break out on the slightest pro- 
vocation. 

When Newton's Optics was published, in 1704, 
accompanied by his treatise on the Quadrature of 
Curves, and his Enumeration of lines of the third 
order, the editor of the Leipsic Acts (who Newton 
supposed to be Leibnitz himself) took occasion to 
review the first of these tracts. After giving an 
imperfect analysis of its contents, he compared the 
method of fluxions witli the differential calctilus, and, 
in a sentence of some ambiguity, he states that New- 
ton employed fluxions in j^lace of the differences of 
Leibnitz, and made use of them in his Principia in 
the same manner as Fabri, in his Sjmopsis of Geome- 
try, had substituted progressive motion in place of 
the indivesibles of Cavaleri. As Fabri, therefore, 
•was not the inventor of the method which is here 
referred to, but borrowed it from Cavaleri, and only 
changed the mode of its expression, there can be no 
doubt that the artful insinuation contained in the 
above passage was intended to convey the impression 
that Newton had stole his method of fluxions from 
Leibnitz. The indirect character of this attack, in 
place of mitigating its severity, renders it doubly 
odious ; and we are persuaded that no candid reader 
can peruse the passage without a strong conviction 
that it justifies the indignant feelings which it excited 
among the English philosophers. If Leibnitz was 
the author of the review, or if heVas in. any way a 
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party to it, he merited the full measure of rebuko 
which was dealt out to him by the friends of Newton, 
and deserved those severe reprisals which doubtless 
embittered the rest of his days. He who dared to 
accuse a man like Newton, or, indeed, any man 
holding a fair character in society, with the crime of 
plagiarism, placed himself without the pale of the 
ordinary courtesies of life, and deserved to have the 
same charge thrown back upon himself. 

Dr. KeUl, as the representative of Newton's friends, 
could not brook this base attack upon his country- 
man. In a letter inserted in the Philosophical 
Transactions, for 1708, he maintained that Newton 
was, beyond the possibility of a doubt, the first in- 
ventor of fluxions. He referred for a direct proof of 
this, to his letters published by Wallis ; and he as- 
serted that the same calculus was afterwards pub- 
lisdied by Leibnitz, the name and the notation being 
changed. If we are to consider this passage as re- 
torting the charge of plagiarism upon Leibnitz, we 
must admit that the mode of its expression is neither 
so coarse nor so insidious as that which is used by the 
writer of the Leipsic Acts. In a letter to Hans 
Sloane, in March, I7II9 Leibnitz complained to the 
HoysLl Society of the treatment he had received. He 
expressed his conviction that Keill had erred more 
from rashness of judgment than from any impropec 
motive, and that he did not regard the imputation as 
a calumny ; and be requested that the Society would 
oblige Mr. Keill to disown publicly the injurious 
sense which his words might bear. When this letter 
was read, Mr. Keill justified himself to Sir Isaac 
and the other members, by showing them the ob- 
noxious review of the Quadrature of Curves in the 
Leipsic Acts. They all agreed in attaching the same 
injurious meaning to the passage which we formerly 
quoted, and authorised Keill to explain and defend 
his statement. He accordingly addi^ed a letter to 
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Sir Hans Sloane^ wUdi wae fead to tbe Sociefty, 24ih 
4i£ May, 1711, and a copy of which was ordered to he 
awt to Leihnka. In tins letter be dedares that he 
never meant to state that Leibnitz knew either the 
Mme of Newton's method or the form of notatio% 
snd that the real meaning of the passage was ^^ that 
Newton was the first iny^ftor of fluxions or of the 
^Kfereatial calcnlns, and that he had giv^n in two 
letters to Oldenhnrg, which had been transmitted to 
Leibnitz, indications of it snfficimitly intelligiUe to an 
fltcote mind, from which Leibnitz derived, or at least 
might derive tl^ principles of his calcnlus." 

The charge of plagiarism which Leibnitz thought 
was implied in tl^ former letter of his antangonist is 
here greatly modified, if not altogether denied. KeiU 
expresses only an opinion that the letter seen by 
Leibnitz contained intelligible indications of ih« 
iktxionary calculus. Even if this opinion was cor* 
rect, it is no proof that Leibnitz either saw these 
indications or availed himself of them, or if he did 
perceive them, it might have been in consequence of 
kb having previously been in possession of the dif- 
ferential calculus, or having enjoyed some distant 
view of it. Leibnitz should therefore, have accepted 
of this explanation of Kiell's, and allowed the dispute 
to terminate here ; for no ingenuity on his part could 
Slifiect an opinion which any other person, as well as 
Keill was entitled to maintain. 

Leibnitz, however, thought otherwise, and wrote a 
letter to Sir Hans Sloane, which excited new feelings, 
and involved him in new embarrassments. Insensible 
to the mitigation which had been kindly impressed 
upon the snpposed charge against his honour, he al« 
leges that KeiU had attacked his candour and sincerity 
more openly than before ; — ^that he acted without any 
sathority from Sir Isaac Newton, who was the party 
most interested ;— and that it was in vain to justify 
his proceedings by referring to the provocation in the 
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Leipnnc Acts„ because in tbat journal, ^ no in^stiee 
bad been done to any party, as every one had received 
only bis dne." He i^Ied^KeiU as an upstart, and 
totally nnqaalified to jndge of tbe ease ; be called 
upon tbe members of tbe society to silence bis nnjnst 
clamours, which he was certain was contrary to tbe 
opinion of Sir Isaac himself, who was perfectly ac- 
quainted with all the facts, and who, he had no doubt, 
would willingly give bis opinion on tbe matter. 

This letter was, without doubt, tbe cause of all tbe 
rancour which so speedily followed, and it placed his 
antagonist in a new and more favourable position. It 
was not true that Keill acted without the authority of 
Newton, because Keill's letter was approved of, and 
transmitted by tbe Royal Society, of which Newton, 
at the time^ was president, and therefore became tbe 
act of that body. Tbe obnoxious part, however, of 
Leibnitz's letter consisted in his appropriating to bim* 
self the opinions of the reviewer in the Leipsic Acts, 
by declaring that in a review which charged Newton 
with plagiarism, every person had got what was bis 
due. The controversy was now dianged in every 
feature. Leibnitz places himself in the position ef the 
person who had first disturbed the tranquillity of 
science by maligning its most brilliant ornament ; and 
the Royal Society was compelled to throw all the 
light they could upon a transaction which had exposed 
their respected president to so vile a charge. The 
Society, likewise, had become a party to the question, 
by their approbation and transmission of Keill's letter, 
and were on that account bound to vindicate the step 
they had taken. 

When Leibnitss's letter was read, Keill appealed to 
the Society for the proofs of what he had advanced ; 
Sir Isaac also expressed his displeasure at the ob- 
noxious passage in tbe Leipsic Review, and at tbe 
defence of it by Leibnitz ; and he left it to the mem-> 
bers to act as they thought proper. A committee 
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was theiefore appointed, who were instructed to ex« 
amine the registers of the Society, to inquire into the 
dispute, and to produce such documents as they should 
find, and report their own opinions on the case. Tuq 
committee produced the following report : — 

" We have consulted the letters and letter-hooks in 
the custody of the Royal Society, and those found 
among the papers of Mr. John Collins, dated between 
the years 1669 and 1677, inclusive; and showed them 
to such as knew and avouched the hands of Mr. Bar- 
row, Mr. Collins, Mr. Oldenburg, and Mr. Leibnitz ; 
and compared those of Mr. Gregory with one another, 
and with some of them taken in the hand of Mr. 
Collins ; and have extracted from them what relates 
to the matter referred to us ; all which extracts here- 
with delivered to you, we believe to be genuine and 
authentic. And by these letters and papers we find, 

<' 1. That Mr. Leibnitz was in London in the be- 
ginning of the year 1673; and went thence, in or 
about March, to Paris, where he kept a correspond- 
ence with Mr. Collins, by means of Mr. Oldenburg, 
till about September, 1676, and then returned by 
London and Amsterdam to Hanover ; and that Mr. 
Collins was very free in communicating, to able ma- 
thematicians, what he had received from Mr. Newton 
and Mr. Gr^ory. 

" 2. That when Mr. Leibnitz was the first time 
in London, he contended for the invention of another 
di&rential method, properly so called ; and notwith- 
standing that he was shown by Dr. Pell, that it was 
Newton s method, persisted in maintaining it to be his 
own invention, by reason that he had found it by him- 
self, without knowing what Newton had done beforef, 
and had much improved it. And we find no men- 
tion of his having any other differential method than 
Newton's, before his letter of thp 21st of June, 1677, 
which was a year after a copy of Mr. Newton's letter 
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had l)een sent to Paris to be communicated to him ; 
and above four years after, Mr. Collins began to 
communicate that letter to his correspondent; in 
which letter the method of fluxions was sufficiently 
described to any intelligent person. 

"3. That by Mr. Newton's letter of the 13th of 
June, 1676, it appears that he had the method of 
fluxions above five years before the writings of that 
letter. And by his "Analysis pre iEquationes numero 
Terminorum Infinitas," communicated by Dr. Barrow 
to Mr. Collins, in July, 1669, we find that he had in- 
vented the method before that time. 

" 4. That the differential method is one and the 
same with the method of fluxions, excepting the name 
and mode of notation ; Mr. Leibnitz calling these 
quantities differences, which Mr. Newton caUs mo- 
ments or fluxions ; and marking them with the letter 
d—^fi, mark not used by Mr. Newton. 

*' And therefore we take the proper question to be, 
not who invented this or that method, but who was 
the first inventor of the method. And we believe, 
that those wlio have reputed Mr. Leibnitz the first 
invewtor knew little or nothing of his correspondence 
with Mr. Collins and Mr. Oldenburg long before ; nor 
of Mr. Newton's having that method above fifteen 
years before Mr. Leibnitz began to publish it in the 
*' Acta Eruditorum" of Leipsic. 

*' For which reason we reckon Mr. Newton the first 
inventor, and are of opinion, that Mr. Keill, in assert- 
ing the same, has been no ways injurious to Mr. 
Leibnitz. And we submit to the judgment of the- 
Society whether the extract and papers now presented 
to you, together with what is extant to the same pur- 
pose, in Dr. Wallis's third volume, may not deserve 
to be made public." 

This report being read, the Society without a dis- 
senting voice, ordered the collection of letters and 
manuscripts to be printed, under the superintendence 
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of Dr. Halley, Mr. Jones, aod Mr. Machin. Complete 
copies ci it, under the tiUe of ^' Commercium Episto* 
licum D. Ji^amus Collins et alionim de analysi 
fcomatoy" were laid before the Society on the 8th of 
January, 1713, and Sir Isaac Newton as president, 
ordeied a copy to be delivered to each member of the 
Committee, to examine it before its publication. 

Iieibnits reoeiyed information of the appearance of 
this publication whai he was at Vienna, and, as he 
expresses himself " being satisfied that it must con- 
taui ^ malicious fEdsehoods,' I did not think proper to 
send for it by post, but wrote to M. BemouiUi to 
give mo his sentiments. M. BemouiUi wrote me a 
letter, dated at Basle, June 7th, 1713, in which he 
said, ^ that it appeared probable that Sir Isaac New- 
ton had formed his calculus after having seen mine.' " 
This letter was published by a friend of Leibnitz, 
with reflections, in a loose sheet, entitled "Charta 
VcJane," and dated July 29th, 1713. It was widely 
circulated without either the name of the author, 
printer, or place of publication, and was communi- 
cated to the " Journal Literaire" by another friend of 
I^ibnitz, who added remarks of his own, and stated 
that when Newton published the Principia in 1687, 
" he did not understand the true differential method ; 
and that he took his fluxions from Leibnitz." 

In this state of the controversy, Mr. Chamberlayne 
conceived the design of reconciling these two dis- 
tinguished philosophers ; and in a letter, dated April 
28th, 1714, he addressed himself to Leibnitz, who 
was still at Vienna. In his reply to this letter, 
Leibnitz declared that he had given no occasion for 
th« dispute ; '' That Newton procured a book to be 
puUished, which was written purposely to discredit 
him, and sent it to Germany as in the name of the 
Society ;" and he also stated, '^ that there was room 
to doubt whether Newton knew his invention before 
he had it of him/' Mr. Chamberlayne communicated 
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Him lotto to Sk Isaac Newtoo, who replied, tbai 
Leibnitz had attacked his reputation, in 1705, by ia-^ 
tim&lmg that be had borrowed from him the method 
of fluxions; and that if Mr. Collins would point out to; 
hiid anything in which he had injured Mr. Ldbnitzs, 
lie would ^ye him satisfaction ; that he would not re* 
tract things which he had known to be true ; and that 
he beli^F^ that the Royal Society had done no ii]j us* 
tice by the publication of the Commercium EpistoUr* 
cam- 

The Royal Society, haying learned that Leibnitz 
complained of their haying condemned him, inserted a 
declaration in thdbr Journals (m the 20th of May, 
1T14, that they did not pretend that the report of 
thdr c<»nnuttee should pass for a decision of the 
Society. Mr. Chamberkyne sent a copy of this to 
li^nit2^ along with Sir Isaac s letter, and Dr. Keill's 
answer to the papers inserted in the ^^ Journal Li- 
teraire." After perumng these documents, Leibnitz 
replied :^-'^ that Sir Isaac's letter was written with 
very little civility ; that he was not in a humour to 
put himself in a passion against such people ; that 
th^e were other letters among those of Oldenburg 
and Collins which should have been published ; and 
that on his return to Hanover, he would be able to 
pubHsh a ' Commercium EpistoUcum,' which would 
be of service to the History of Learning." When 
this letter was read to the Royal Society, Sir Isaac 
remarked, that the last part of it injuriously accused 
the Society of having made a partiad selection of pa^ 
pers for their publication ; that he did not interfere in 
any way in the publishing of the ^^ Commerciuoi 
i^istolicum," and had even withheld &om tiie com- 
nuttee two letters, one from Leibnitz in 16^3, and 
another from WaUis in 1695, which were highly 
&T0iirable to his claim. He stated that he did not 
think it proper for Mr. Leibnitz, himself, but thait, if 
h^ hM ktten to produce in his faTOur, that they 
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might be published in the Philosophical Transaotiom^ 
or m Germany. 

About this time the Abbe Conti, a noble Venetian, 
came to England. He was a correspondent of Ldb^ 
nitz, and in a letter, which he had received soon afiber 
his arrival, he enters upon his dispute with Newtott. 
He charges the English ^^with wishing to pass for 
almost the only inventors." He declared " that Ber- 
nouilli has judged right in saying that Newton did 
not possess before him the infinitessimal characteristic 
and algorithm." He remarks that Newton preceded 
him only in series ; and he confesses that during bis 
second visit to England, '' Collins showed him p^ of 
his correspondence," or, as he afterwards expresses it, 
he saw " some of the letters of Newton at Mr. Col- 
lins's." He then attacks Sir Isaac's philosophy, parti-^ 
cularly his opinions about gravity and vacmmi, the 
intervention of God for the preservation of hi^ crea* 
tures ; and he accuses him. of reviving the occult qua- 
lities of the schools. But the most remarkable pas* 
sage in this letter is the following : — ^' I am a great 
friend of experimental philosophy, but Newton devi- 
ates much from it, ' when he pretends that all matter 
is heavy,' or that each particle of matter attracts every 
other particle." 

The above letter to the Abbe Conti was generally 
shown in London, and came to be much talked of at 
court, in consequence of Leibnitz having been coun- 
sellor to the Elector of Hanover, when that prince 
ascended the throne of England. Many persons of 
distinction urged Newton to reply to Leibnitz's letter, 
but he declined. One day, however, the king in- 
quired when Sir Isaac Newton's answer to LeibDitz 
would appear; and when Sir Isaac was informed 
of this, he addressed a long reply to the Abbe Conti. 
This letter written with dignified severity, is a com- 
plete refutation of the allegations of h^ adversazy ; 
ai^dthe following passage deserve^ to be quoted, a» 
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eoonecied with that hranch of the dispute which re- 
lates .to Leibnitz's having seen part of Newton's letters 
to Mr. Collins. *' He complains of the committee of 
tiie Boyal Society, as if they had acted partially in 
omitting what made against me ; hut he fails in proy- 
mg the accusation. For he instances in a paragraph 
coacer&ing my ignorance, pretending that they omitted 
it, and yet you will find it in the Commercium Epis- 
ic^cum, p. 547, lines 2, 3, and I am not ashamed of 
it. He saith that he saw this paragraph in the hands 
of Mr. Collins when he was in London the second 
time, that is in October, 1676. It is in my letter of 
the 24th of October, 1676, and therefore he then saw 
the letter. And in that and some other letters writ 
before that time, I described my method of fluxions ; 
and in the same letter I described also two general 
methods 'of series, one of which is now claimed from 
me by Mr. Leibnitz." The letter concludes with the 
following paragraph : " But as he has lately attacked 
me with an accusation which timounts to plagiary, if 
he goes on to accuse me, it lies upon him by Sie laws 
of all nations to prove his accusations, on pain 
of being accounted guilty of calumny. He hath 
laiherto written letters to his correspondents full of 
affirmations, complaints, and reflections, without prov- 
iQg any thing. But he is the aggressor, and it lies 
upon him to prove the charge." 

In transmitting this letter to Leibnitz, ^he Abbe 
Conti informed him that he had himself read with great 
attention, and without prejudice, the Commercium 
Epistolicum, and the little piece that contains the ex- 
tract; that he had also seen at the Royal Society the ori- 
ginal papers of the Commercium Epistolicum, and some 
other original pieces relating to it. " From all this." 
he says, ^^ I infer, that, if all digressions are cut off, 
the only point is, whether Sir Isaac Newton had the 
method of fluxions or infinitesimals before youj or 

M 
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whether yon had it before him. You pubhBhed it 
£i8t, it is true, but you have owned also that Sir 
Isaac Newton had given many hints of it in his lettas 
to Mr. Oldenburg and others. This is proved veiy 
largely in the Commercium, and in the extract of it* 
What answer do you give ? This is still wanting to 
the^ublic, in order to form an exact judgment of the 
affair." The Abbe adds, that Leibnitz's own friends 
waited for his answer with great impatience, and that 
they were of opinion that he could not refuse answer* 
ing, if not Dr. Keill, at least Sir Isaac Newton, who 
had given him a challenge in express terms. 

Leibnitz was not Icmg in complying with his re- 
quest. He addressed a letter to the Abbe Gonti, 
9th April, 1716, but he sent it through M. Ramondl, 
at Paris, to communicate it to others. When it was 
received by the Abbe, Newton wrote observatioas 
upon it, which were communicated only to some of has 
Enends, and which, while he placed his defence on the 
most impregnable bads, at the same time threw 
much light on the early history of his mathematical 
discoveries. 

The death of Leibnitz on the 14th NovOTtiber, 1716, 
put an end to this controversy, and Newton some 
time afterwards published the correspondence with 
the Abbe Conti, which had hitherto been oidy 
privately circulated among the friends of the dispu- 
tants. 

Inf. vie wing this controversy, at this distance of 
time, it* is not diflftcult to form a correct estimate of 
the conduct and claims of the two rival philosophers. 
It has been decided by the unanimous verdict of aU 
nations, that Newton invented fluxions at least tea 
years before Leibnitz. Some of the letters of Newton 
which bore reference to this great discovery were 
perused by the German mathematician, according to 
his own confession ; but there is no evidence that h» 
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borrowed his differential calculus from these letters. 
Newton was therefore the ^rst inventor^ and Leibnitz 
the second. It was impossible that the former could 
haye been a plagiarist ; but it was possible for the 
latter. 

Although an attempt has been since made to place 
the conduct of Leibnitz on the same level with tlskt of 
Newton, yet the circumstances of the case will by no 
means justify such a comparison. The conduct of 
Newton was at all times dignified and just. He knew 
bis rights and he boldly claimed them. , Conscious of 
his integrity, he spumed with indignation the charge 
of plagiarism with which an ungenerous rival had so 
fcdsely branded him ; and if there is one step in his 
whole procedure which posterity can blame, it is his 
omission in the third edition of the Principia, of the 
references to the differential calculus of Leibnitz. This 
omission, however, was perfectly just. The scholium 
which he had left out was a mere historical statement 
of the fact, that the German mathematician had sent 
Mm a method which was the same as his own, and 
when he found that this simple assertion had been 
held by Leibnitz and others as a recognition of his in- 
dependent claim to the invention, he was bound either 
to omit it altogether, or to enter into explanations 
which might have involved him in a new controversy. 

The conduct of Leibnitz was different. That he was 
the aggressor no one can deny. That he first dared 
to accuse Newton of plagiarism, and that he frequently 
referred to it has been sufficiently apparent : and when 
arguments &.iled him he had recourse to threats. All 
Una is now matter of history ; and we may find some 
apology for it in his excited feelings, and in the in- 
sinuations which were occasionally thrown out against 
the originality of his discovery ; but for other parts of 
his conduct we seek in vain for an excuse. When he 
assailed the philosophy in his letters to the Abbe 
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Conti, he exhibited perhaps only the petty feelings 
of a rival ; but when he ventured to caluminate that 
great man in his correspondence with the Princess of 
Wales ; when he dared to represent the philosophy of 
Newton as physically false, and as dangerous to re- 
ligion ; and when he founded these accusations on 
passages in the Principia and the Optics, glowing with 
all the fervour of genuine piety, he cast a blot upon his 
own name, which all his talents as a philosopher, and 
all his virtues as a man, will never be able to e^Mc. 
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CHAPTER VI. 

The privileges of the Unlrersity attacked by Jaxnes II. Newton choMB 
one of the.delegatet to resist this encroadiment. Elected a member of 
the Convention Parliament. Burning of his manuscript. -Supposed 
derangement of mind. Refutation of the statement. Frienddiip be- 
tween Newton and Charles Montague. Newton appointed Master of 
the Mint. Newton elected Associate of the Aeademy of Sciences. 
Member for Cambridge. President of the Royal Society* Queen 
Anae confers upon him the honour of Knighthood. 

An event now occurred which drew Newton from 
his studies and placed him upon the theatre of puhlic 
life. James II., desirous of re-estahlishing the Ro- 
man Catholic faith in its former supremacy, had hegun 
to assail the rights and privileges of his Protestant 
subjects. Among other tyrannical acts, he sent his 
letter of mandamus to the University of Cambridge 
to order Father Francis, an illiterate Benedictine 
monk, to be received as Master of Arts, and to enjoy 
all the privileges of this degree, without taking the 
oaths of allegiance and supremacy. The University 
at once perceived the consequences which might arise 
from such a measure. Independent of the encroach- 
ment upon their vested rights which such an order in- 
volved, it was evident that the highest interests of 
the University were endangered, and that Roman Ca- 
tholics might soon become a majority in the convoca- 
tion. They, therefore, unanimously refused to pay the 
least attention to the royal mandate, and this they 
did with a firmness of purpose which greatly irri- 
tated the regal despot. He reiterated his commands, 
and accompanied them with the severest threatenings 
in case of disobedience. The Catholics were not idle 
in supporting the views of the sovereign. The ho- 
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norary degree of M.A., which conveys no civil rights 
to its possessor, having been, upon one occasion given 
to the secretary of the ambassador from Morocco, it 
was triumphantly blazoned forth that the members 
of the University of Cambridge had a greater respect 
for an infidel than for a Roman Catholic, and were 
more obsequious to the Mohammedan ambassador than 
to their lawful sovereign. Though this reasoning 
might impose upon the ignorant, it produced but 
little eflfect upon the members of the University. A 
few weak-minded individuals, however, were disposed 
to yield a reluctant consent to the tyrant's wishes. 
Thej' proposed to confer the degree, but at the same 
time to resolve that it should not be regarded as a 
precedent in future. To this it was replied, that the 
very act of submission in one case would be a stronger 
argument for continuing the practise than any such 
resolution would be against its repetition. The Uni- 
versity, therefore, remained firm in their original de- 
cision. The Vice-rChancellor was summoned before 
the ecclesiastical commission to answer for this act of 
contempt. Newton was among the number of those 
who most strenuously resisted the command of the 
sovereign, and he was" consequently chosen one of the 
nine delegates who were appointed to defend the in- 
dependence of the University. These delegates ap- 
peared before the High Court. They maintained that 
not a single precedent could be found to justify 
so extraordinary a measure; and they showed that 
Charles II. had, under similar circumstances, been 
pleased to withdraw his mandamus. This represen- 
tation had its "full weight, and the king was compelled 
to abandon his design. 

The part which Newton had taken in this afilair, and 
the character which he now held in the scientific 
world, induced his friends to propose him as Member 
of Parliament for the university. He was accordingly 
elected in 1688, though by a majority of only five. 
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aad be sat in the conyention Parliament till its disso- 
lution. In the years 1688 and 1689, Newton was for 
the greater portion of the time absent from Cambridge, 
owing to his attendance in parliament ; but it appears 
horn the books of the university that from 1690 to 
1695, he was seldom absent, and must, therefore, we 
presume, have i^enounced his parliamentary duties. 

During his residence in the metropolis he must have 
experienced the inadequacy of his finances to the new 
circumstances in which he was placed, and it is proba- 
ble that this was the cause of his confining himself to 
Cambridge. His income was certainly limited, and 
but little suited to the generosity of his disposition. 
Demands were, no doubt, made upon it by some of his 
less wealthy relatives; and there is every reason to 
bdiieye, that he himself, as well as his influential 
friends, had been looking forward to some act of 
liberality on the part of the government. 

An event, however, occurred, which will ever form 
an epoch in the history of this distinguished philoso- 
pher; and it is a most singular fact that this incident 
iraa for more than a century unknown to his own 
>countr3rmen, and was only accidentally brought to light 
by the examination of the various manuscripts belong- 
ing to Huygens. This event has been magnified into 
a temporary aberration, of mind, which is said to 
have arisen from a cause scarcely adequate to its pro- 
duction. 

One winter morning while he was attending divine 
service in the chapel of the university, he had left in 
his study a favourite little dog called Diamond. Upon 
returning from his devotions he found that this animal 
had overturned a lighted candle on his desk, which set 
fire to several papers on which he had recorded the re- 
sults of some optical experiments. These papers are 
said to have contained the labours of many yean|^ and 
it has been stated that when the philosopher discov^- 
ed the magnitude of his loss, he exclaimed ^^ Oh, Dia- 
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mond, Diamond, little do yoa know the mischief joa 
have done me !" It is a curious circumstance tint 
Newton never refers to the experiments which he m 
said to have lost on this occasion, and Mr. Conduit, 
the husband of his favourite niece, makes no allunoii 
to the accident itself. The distress, however, which it 
occasioned, is said to have been so deep as to afleel 
even the mighty powers of his understanding. 

This extraordinary effect was first communicated to 
the world in the life of Newton by M. Biot, who says 
he received the following account of it from the ceto- 
brated M. Van Swinden : — 

'^ There is among the manuscripts of the celebrated 
Huygens, a small journal in folio, in which he used to 
note down difiPerent occurrences. The following ex- 
tract is written by Huygens himself, with whose hand* 
writing I am well acquainted, having had occasion to 
peruse several of his manuscripts and autograph let- 
ters. " On the 29th of May, 1 694, M. Colin, a Scots- 
man, informed me that, 18 months ago, the illustrious 
geometer, Isaac Newton, had become insane, either in 
consequence of his too intense application to his studies, 
or from excessive grief at having lost, by fire, his che- 
mical laboratory and several manuscripts. When he 
came to the Archbishop of Cambridge, he made some 
observatiouET which indicated an alienation of mind. 
He was immediately taken care of by his friends, who 
confined him to his house and applied remedies, by 
means of which he had now so far recovered hish^th 
that he began to understand the Principia." Huygens 
mentioned this circumstance to Leibnitz in a letter, 
dated June 8th, 1694, to which Leibnitz replies on the 
2drd, '^ I am very glad that I received information of 
the cure of Mr. Newton at the same time that I first 
heard of his illness, which doubtless must have been 
very alarming. ' It is to men like you and him. Sir, 
that I wish a long life.' " 

The first announcement of the preceeding statement 
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^ deated a great sensation among the friends and ad-» 
^ nmrs of Newton. They oonld not easily be made to 
\ bcHere in the prostration of that intellectual strength 
wUeh had nnbaned the strongholds of the uniyerse. 
p The unbroken equanimity of Newton's mind, the purity 
i ^ vif- his moral cluuracter, his t^nperate and even ab- 
^ iitemioos life, his ardent and unaffected piety, and the 
ireakness of his imaginative powers, all indicated a 
* iiiind which was not likely to be overset by any afflic- 
ii'jm to which it could be exposed. The loss of a few 
<5i^9erimental records could never have disturbed the 
equilibrium of a mind like his. If they were the re- 
cords of discoveries, the discoveries themselves, inde- 
f tmc^ble, would have been afterwards given to the 
worid. If they veere merely the detidls of experimen- 
. tal results, a little time could have easily reproduced 
them. Had these records contained the first fruits of 
eariy genius — of obscure talent, on which fame had not 
yet shed its rays, we might suppose that the first blight 
; of such early ambition would have unsettled the 
stability of an untried mind. But Newton was 
satiated with fame.- His mightiest discoveries were 
completed, and diffused over all Europe, and he must 
have felt himself placed on the loftiest pinnacle of 
I earthly ambition. The incredulity which such views 
\ could not fail to encourage, was increased by the 
I novelty of the information. No English biographer 
I had ever alluded to the existence of such a malady. 
, History and tradition were alike silent, and it was not 
eBsy to believe that the Lucasian Professor of Mathe- 
matics at Cambridge, a member of the English parlia- 
ment, and the most celebrated philosopher in Europe 
^ could have lost his reason without the distressing fact 
being known to his owit countrymen. 

But if the friends"* of Newton were surprised by 
the nature of the intel%ence, they were distressed at 
the view which was tafen of it by fordgn philoso- 
phers. While on6 maintained that the intellectual 
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exertions of Newton had terminated with the ]MiUi- 
cation of the Principi% and that the derangemoit of 
his mind was the cause of his ahandoning the science, 
others indirectly questioned the sincerity of his reli- 
gions opinions, and ascribed to the aberration of his 
mind, those Theolo^cal pursuits which gilded his 
declining years. ^' But the fact," says Biot, '' of the 
derangement of his intellect, whatever may have been 
the cause of it, will explain why, after the publication of 
the Principia, in 1687, Newton, though only forty-five 
years of age, never more publislied a new work on any 
branch of science, but contented himself with giving to 
the world those which he had composed long be&re 
that epoch, confining himself to the completion of those 
parts which might require development. We maf 
also remark, tfa^t even these developments appear, 
always, to be dmved from experiments and obsecv«' 
tiens formerly made, such as the additions to the 
second edition of the Principia, published in 1713, the 
eiqperiments on thick plates, those on diffiraction, and 
the chemical queries placed at the end of the Optica 
IB 1704; for in giving an account of these expezi* 
ments, Newton dustinetiy says, that they were taken 
fieom ancient manuscripts which he had formerly com* 
posed ; and he adds, tiiat though he felt the necessity 
of extending them, <« reading them more perfectly, 
he was not able to resolve to do this, these matten 
being no longer in his way. Thus it appears that 
though he htA recovered his health sufficientiy to un- 
derstand all his researches, and even in some cases, to 
make additions to them, and useful alterations, aa 
apeors from the second edition of the Principia^ £ir 
which he kept up a very active mathematical conre- 
spondence with Mr. Cotes, yet he did not wish to 
undertake new labours in those departments of science 
where he had done so much, and where he distinctly 
saw what remained to be done." Under the influence 
of the [same opinion, Mr. Kot finds ^4t extremelj 
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probable that his dissertaiaon on the scale of heai^ 
was written before the fire in his laboratory;" he 
describes Newton s conduct respecting the longitude 
bill as '^ almost puerile on so solemn an occasion, and 
one which might lead to the strongest conclusions, 
particularly if we refer it to the fatal accident which 
Newton had suffered in 1695." 

The celebrated Marquis de la Place viewed the iU- 
ness of our philosopher in a light more painful to his 
inends. He strenuously maintained that he never 
TOcoyered the vigour of his intellect, and he was per- 
suaded that Newton's theological inquiries did not 
commence till after that afflicting period of his life. 
He even commissioned Professor Gautier, of Geneva, 
to make inquiries on this particular subject during his 
visit to England, as if it concerned the interests of 
truth and justice, to show that Newton became a 
Christian and a theological writer, only after the de« 
cay of his strength and the eclipse of his reason. 

Such having been the consequences of the disclosure 
of Newton's iUness by the manuscript of Huygois, 
Sir David Brewster considered it to be a sacred duty 
to the memory of that distinguished individual, to the 
feelings of his countrymen, and to the interests of 
Christianity itself, to inquire into the nature and hish 
tory of that indisposition whioh appears to have been 
80 much misrepresented and misapplied. From the 
ignorance of so extraordinary an event, which has pre~ 
vailed for such a long period in England, it might 
have been urged with some plausibility, that Huygens 
bad mistaken the real import of the information that 
was conveyed to him; or that the individual from 
whom he received it had propagated an idle and a 
groundless rumour. But we are fortunately not con- 
fined to this very reasonable mode of defence. There 
still exists at Cambridge a nlianuscript journal written 
by Mr. Abraham de h, Pryme, who was a student in 
the university while Newton was a Fellow of Trinity. 
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This MS. is entitled « Ephemeris Vitas, or Diar; of 
my own Life, containing an account likewise of the 
most observable and remarkable things that I have 
taken notice of from my youth up hitherto." Mr. 
Pryme was bom in 1671, and begins his diary in 1685. 
Tbas manuscript is in the possession of hisj collateral 
descendant, George Pryme, Esq.j Professor'of Politicsil 
Economy at Cambridge, from whom Sir David Brew- 
ster obtained the following extract : — 

"1692, February 3rd. — What I heard to-day I 
must relate. There is one Mr. Newton, (whom I- 
have very oft seen,) Fellow of Trinity College, that is 
mighty famous for his learning, being a most excellent 
mathematician, philosopher, divine, &c. He has been 
Fellow of the Royal Society these many years ; and 
sunongst other very learned books and tracts he's 
written one upon the mathematical principles of phi^ 
losophy, which has got him a mighty name, he having 
received, especially from Scotland, abundance of con- 
gratulatory letters for the same ; but of all the books 
that he ever wrote, there w^as one of colours and light, 
established upon thousands of experiments which he 
had been twenty years of making, and which had cost 
him many hundred of pounds. This book, which he 
valued so much, and which he so much talked of, had 
the ill luck to perish, and be utterly lost just when 
the learned author was almost at putting a conclusion 
at the same, after this manner : In a winter s morning, 
leaving it amongst his other papers on his study table 
whilst he went to chapel, the candle, which he had 
unfortunately left burning there too, catched hold by 
some means of other papers and they fired the afoi«» 
said book, and utterly consumed it and several other 
valuable writings; and which is most wonderful, did 
no further mischief. But when Mr. Newton came 
from chapel, and had seen what was done, every one 
thought he would have run mad, he wtts so troubled 
thereat, that he was not himself for a month after* 
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A loQg account of this, his system of light and colours, 
you may find in the Transactions of the Royal Society, 
which he had sent up to them long hefore this sad' 
mischance happened unto him." 

From this extract we are enahled to fix the approxi- 
toate date of the accident hy which Newton lost his 
{Kipers. It must have heen previous to the drd of 
January, 1692, a month hefore the date of the extract; 
but if we fix it by the dates in Huygen s manuscript, 
we should place it about the 29th of November, 1692, 
eighteen months previous to the conversation between 
CoUins and Huygens. The manner in which Mr. 
Pryme refers to Newton's state of mind is that which 
is daily used when we speak of the loss of tranquillity 
which arises from the ordinary afflictions of life ; and 
the meaning of the passage amounts to nothing more 
than that Newton was very much troubled by the 
destruction of his papers, and did not recover his 
serenity, and return to his usual occupations for more 
1 tan a month. The very phrase that every person 
t tooght he would have run mad, is in itself a sufficient 
j^iTOof that no such melancholy effect was produced ; 
a ad, whatever degree of indisposition may be implied 
in the expression ^' he was not himself for a month 
after," we are entitled to infer that one month was the 
period of its duration, and that, previous to the 3rd of 
February, 1692, the date of Mr. Pryme's memoran- 
dum, '' Newton was himself again." 

These facts and dates cannot be reconciled with 
those in Huygens's manuscript. It appears from that 
document, that, so la^e as May, 1694, Newton had 
Goly so tax recovered his health as to begin again to 
understand the Principia. His supposed malady, 
ihererefore, was in force from the 3rd of January, 1 692, 
till the month of May, 1694, — a period of more than 
two years. Now, it is a most important circumstance^ 
which M. Biot must have known, that in the very 
middle of this period Newt(m wrote his four celebrated 
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letters to Dr. Bentley on the Exbt^sce of a Deity,— « 
letters which evince a power of thought and a sereiBsty 
S3i mind absolutely incompatible even with the slighted 
aberration of his intellect. No man can peruse tlraee 
letters without the coniriction that their author pos- 
sessed his full vigour of reason, and was capaMe of 
miderstanding the most profound parts of his wntii^. 
The £rBt of these letters was written on the 10th 
December, 1692, the second on the 17th Januaiy, 
1693. His mind was therefore strong and vigorotis 
during the composition of these letters, and as they 
were written at the express request of Dr. Bentley, 
who had been appointed to deliver the lecture founded 
by Mr. Boyle for vindicating the fundamental prin- 
cqales of Natural and Revealed Religion, we must eon- 
rider such a request as showing his opinion of the 
strength and origmality of his friend's mental powers. 

In 1692, Newton, at the request of Dr. Wallisi, 
transmitted to him the first proposition of his book on 
quadratures, with examples of it in first, second, and 
tiiird fluxions. These examples were written in con- 
sequence of an application from his friend ; and the 
author of the review of the Commercium Epistolicum, 
in which this fact is quoted, draws the conclusion, that 
he had not at that time forgotten his method of second 
fluxions. It appears also from the second book of 
the Optics, that in the month of June, 1692, he had 
been occupied with the subject of halos, and had 
made accurate observations both on the colours and 
the diameters of the rings in a halo which he had th^ 
seen round the sun. < 

But, though these facts stand in direct contradiction 
to the statement recorded by Huygens, the reader will 
be naturaUy anxious to know the real nature and ex* 
tent of the indisposition to which it refers. The fol- 
lowing letters written by Newton himself to Mr. Pepys, 
Secretory to the Admiralty, and Mr. Millington, of 
Magdalene College, Cmnbridge, will throw much light 
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i^oa ihe subject. Lord Biaybrooke ptiblished thase 
letters in the Life of Pepys. 

Aa will be presently seen, Newton had fidlen into a^ 
bad state of health some time in 1692, in consequence 
of which both his sleep and his appetite were greatly 
afibcted. About the middle of September, 1698, 1m 
bad been kept awake for five successiye nights by this 
nervous disorder, and in this condition he wrote the 
following letter to Mr. Pepys : — 

"September 15, 169?. 

« Sib, 
^' Some time after Mr. Millington had deliyered 
ywa message, he pressed me to see you the next time 
I went to London. I was averse; but upon his 
piiessing consented, before I considered what I did, for 
I am extr^nely troubled at the embroilment I am in, 
and have neither ate nor slept well this twelvemonth, 
nor have my former consistency of mind. I mrrex 
designed to get anything by your interest, nor by 
King James's favour, but am now s^Bsible that I must 
withdraw from your acquaintance, and see neither you 
nor the rest of my friends any more, if I may but 
leave them quietly.^ I beg your pardon for saying I 
would see you again, and rest your most humble and 
most obedient servant, 

"Is. Newton." 

From this letter it is evident that his complaint had 
continued for a twelvemonth, and during that period 
neither ate nor slept w^ll, nor enjoyed his/drmer con- 
sistency of mind. It i# not easy tb understand exactly 
what is meant by this phrase ; but whatever may be 
its import, it is certain that he was in a state of mind 
so sound as to enable him to compose his four famous 
leiteors to Bentley, all of which were written in the 
course of the twelvemonth here referred to. 

On receiving this letter, Mr. Pepys appears to have 
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written to his friend, Mr. Millington, to inquire after 
Mr. Newton's health ; but the inquiry having been 
made in a vague manner, an answer equally vague 
was returned. Mr. Pepys, however, who seems to 
have been deeply anxious respecting Newton's health, 
addressed the following more explicit letter to Mr. 
Millington : — 

" Septembw 26th, 1695. 

" Sir, 
" After acknowledging your many old favours,* 
give me leave to do it a little more particularly upon 
occasion of the new one conveyed to me by my nephew 
Jackson. Though, at the same time, I must acknow- 
ledge myself not at the ease I would be glad to be at 
in reference to the excellent Mr. Newton, concerning 
whom (methinks) your answer labours under the same 
kind of restraint which (to tell you the truth) my ask- 
ing did. For I was loth at first dash to tell you, that 
I had lately received a letter from him so surprising 
to me for the inconsistency of every part of it as to l^ 
put into great disorder by it, from the concernment I 
have for him, lest it should arise from that which, 
of all manlcind, I should least di|ad from him and 
mQst lament — ^I mean a discomposure in head, or 
mind, or both. Let me, therefore, beg of you. Sir, 
having now told you the true ground of the trouble 
I lately gave you, to let me know the very truth of 
the matter, as fisur at least as comes within your know- 
ledge. For I own too great an esteem for Mr. New- 
ton, as for a public good, to be^ble to let any doubt 
in me of this kind concerning him be a moment un- 
cleared, where I can have any hopes of helping it. — I 
am, with great truth and respect, Dear Sir, your most 
humble and most affectionate servant, 

" 8. Pepys." 
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Mx, Millington wade the following reply : — 

«< Coll. Vagd. Camb., 

" Sept. SOth. 1695. 

" Honob'd Sir, 

** Coming home from a journey on the 28th instant, 
at night, I met with your letter, which you were 
pleased to honour me with of the 26th. I am much 
troubled I was not at home in time for the post, that 
I might as soon as possible put yon out of your 
generous payne that you are in for the worthy Mr. 
Newton. I was, I must confess, very much surprised 
at the inquiry you were pleased to make by your 
nephew about th^ message that Mr. Newton made 
tlie ground of his letter to you, for I was very sure I 
never either received from you or delivered to him any 
such ; and therefore I went immediately to wayt upon 
him, with a design to discourse him about the matter, 
but he was out of town, and since I have not seen 
liim, till upon the 28th I met him at Huntingdon, 
where, upon his own accord, and before I had time to 
ask him any questions, he told me that he had writt 
to you a very odd letter, at which he was much con- 
cemed; and added, that it was in a distemper that 
much seized his head, and that it kept him awake for 
above five nights together, which upon occasion he 
desired I would represent to you, and beg your par- 
don, he being very much ashamed he should be so 
rude to a person for whom he hath so great an honour. 
He is now very well, and, though I fear he is under 
some small degree of melancholy, yet I think there is 
no reason to suspect that it hath at all touched his 
understanding, and I hope never will ; and so I am 
sure all ought to wish who love learning or the honour 
of our nation, ^ which it is a sign how much it is 
looked after, when such a person as Mr. Newton lyes 
so neglected by those in power.* And thus, honoured 

N 
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sir, I have made you acquainted yfiih all I kno^ of 
the cause of such inconsistencys in the letter of so 
excellent a perscm; and I hope it will remove the 
doutits sad fears you are, wiUi so mach compassion 
and publicness of spirit, pleased to entertain about 
Mr. Newton ; but if I should have been wanting in 
anjrthing tending to the more fall satisfiBkction, I ^a{l, 
upon the least notice, ^ideavour to amend it with all 
gratitude and truth. — Honored Sir, your most faith- 
full and most obedient servant, 

" JOH. MiLLItfGTON." 

That this information was perfectly satisfactory to 
Mr. Pepys appesurs from the following letter :-« 

" Oetobei 9rd, 1697. 

"Sir, 
^' You have delivered me from a fear that indeed 
gave me much trouble, and from my very hesurt I 
thank you for it — an evil to Mr. Newton being what 
every good man must feel for his own sake as well as 
his. God grant it may stop there. And for the kind 
reflection hee has since made upon his letter to mee, 
I dare not take upon mee to judge what answer I 
should make him to it, or whether any or no ; and 
therefore pray that you will bee pleased either to 
bestow on mee what directions you see fitt for my own 
guidance towards him in it, or to say to him in my 
name but your own pleasure, whatever you may think 
may be most welcome to him upon it, and most ex* 
pressive of my regard and affectionate esteem of him, 
and coucernment. Dear Sir, your most humble and. 
most faithful servant, 

« S. Pbpys;* 

It does not appear from the memoirs of Mr. Pepys, 
whether he ever returned any answer to the '' odd 
letter" of Mr. Newton, which occasioned this cor- 
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CMfiondeiiee ; bat we there find that in less than tw9 
laoatfafl after the date of the preceding letter, an op« 
fiortiisiiy presented itsdf of introducing to him a Mc. 
Smith, who wished to haye his opinion on some pztH 
blfim in ihe doctrine of chances. This letter finom Mr. 
Pepys is dated Noyember 22nd, 1693. Sir Isaac re- 
f^dd to it on the 26th November, and wrote to Pepys 
aggam on the 16th December : and in both these let*- 
ie» he enta» folly into the discussion of the mathe*- 
matical question which had been submitiied to hie 



It is obvious, firom Mr. Newton's letter to Mr« 
^®pys> ^t the subject of receiving some favour firom 
the government had been a mal^r of anxiety with 
himself, and of discussion among his Mends. Mr. 
Millington was no doubt alluding to this anxiety, 
when he represents Newton as an honour to i^e na- 
tion, and expresses his surprise ^^ that such a person 
should be so neglected by those in power/' AjoA we 
find the same subject distinctly referred to in two 
letters written to Mr. Locke during the preceding 
year. In one of these he says, '' Being fully con- 
vinced that Mr. Montague, upon an old grudge, which 
I thought had been worn out, has been false to me, I 
have done with him^ and intend to sit still, unless my 
Lord Monmouth be still my friend." Mr. Locke ap- 
pears to have assured him of the continued friendship 
of this nobleman, and Newton still referring to the 
same topic remarks, " I am very glad Lord Mon- 
mouth is still my friend, but intend not to give his 
lordship any further trouble. My inclinations are to 
sit still." In a later letter to Mr. Locke, dated Sep- 
tember, 1693, which is given below, he asks his 
pardon for sapng or thinking that {here was a 
design to sell him an office. In these letters Newton 
no doubt referred to some appointment in London 
which he was solicitous to obtam, and which Mr. 
Montague and his other friends may have failed in 
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"-^ procuring. This opinion is confirmed by the leUer of 
Mr. Montague, annoubciog to him his appointment to 
^ the wardendiip of the Mint, in which he says that he 
/ can at last give him good proof of his friendship. 

In the same month in which Newton wrote to Mr, 
Pepys, we find him in correspondence with Mr. Locke. 
Displeased with his opinions respecting innate ideas^ 
he had rashly stated that they struck at the root of 
all morality, and that he regarded the author of such 
doctrines as a Hobbist. Upon reconsidering their opi* 
nions, he addressed the following remarkable letter to 
Mr. Locke, written only three days after his '* odd 
letter" to Mr. Pepys, and consequently during the 
illness under which he then laboured : — 

"Sib, 
" Being of opinion that you endeavoured to em- 
broil me with women, and by other means, I was 
so much affected with it, that when I was told you 
were sickly, and would not live, I answered, 'twerq 
better if you were dead.' I desire you will forgive 
me this uncharitableness ; for I am now satisfied that 
what you have done is just, and I beg your pardon for 
having hard thoughts of you for it, and for represent- 
ing that you strudc at the root of morality, in a prin-* 
ciple you laid down in your book of ideas, and designed 
to pursue in another book, and that I took you for a 
Hobbist. I beg your pardon also for saying or think- 
ing that there was a design to sell me an office, or to 
embroil me. — I am your most humble and unfortunate 
servant, 

"Is. Newton." 

" At the Bull, in Shorediteh, London, 
Se|)tember 16th, 1693." 

To this letter Locke returned the foDowing answer, 
80 nobly distinguished by philosophical magnanimity 
and Christian charity : — 
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«< Oateff, Oet. 5ih, 1695. 

"Sir, 

^' I have been, ever since I first knew you, so en- 
tirely and sincerely your friend, and I thought you so 
much mine, that I could not have believed what you 
tell me of yourself, had I had it from anybody else. 
And though I cannot biit be mightily troubled that 
you should have had so many wrong and unjust 
thoughts of me, yet next to the return of good offices, 
such as from a sincere good will I had ever done you, 
I receive your acknowledgment of the contrary as the 
kindest thing you have done me, since it gives me 
hopes I had not lost a friend I so much valued. — 
After what your letter expressss, I shall not need to 
say anything to justify myself to you. I shall always 
think your own reflection on my carriage, both to you 
and to all mankind, will sufficiently do that. Instead 
of that, give me leave to assure you, that I am more 
ready to forgive you than you can be to desire it ; and 
I do it so freely and fully, that I wish for nothing 
inore than the opportunity to convince you that I 
truly love and esteem you, and that I have the same 
good will for you as if nothing of this had happened. 
To confirm this to you more fully, I should be glad to 
meet you anywhere, and the rather, because the con- 
elu»on of your letter makes me apprehend it would 
not be wholly useless to you. But whether you think 
it fit or not, I leave wholly to you. I shall always te 
ready to serve you to my utmost, in any way you shall 
like, and shall only need your commands or permission 
to do it. 

^^ My book is going to press for a second edition ; 
and, though I can answer for the design with which I 
write it, yet, since you have so opportunely given me 
notice of what you have said of it, I. should take it as 
a fiivour if you would point out to me the places that 
gave occasion to that censure, that by explaining my*^ 
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self better, I may avoid being mistaken by others, or 
unawareB doing the least prejudice to truth or yirtue. 
I am sure you are so much a friend to them both, that, 
were you none to me, I could expect this from you* 
But I cannot doubt that you would do a great deal 
more than this for my sake, who, after all, have all 
ihe concern of a friend for you, wish you extremely 
well, and am, without compliment, &c" 

Newton made the following reply to this finendly 
epistle: — 

«' Cambridge, Oct. 5th, 1693. 

"Sib, 
*' The last winter, by sleeping too often by my fire, 
I got an ill habit of sleeping ; and a distemper, which 
this summer has been epidemical, put me &rther out 
ixf order, so that when I wrote to you, I had not slept 
an hour a night for a fortnight together, and for five 
days together not a wink. I remember I wrote to 
you, but what I said of your book I remember not. 
If you please to send me a transcript of that passage I 
will give you an account of it if I can, — I am your 
most humble servant. 

Is. Newton." 

Although the first of these epistles shows the 
existence of a nervous irritability which could not fail 
to arise from the reasons assigned, yet it is evident 
that its author was in full possession of his mental 
powers. The answer of Mr. Locke is obviously 
written upon that supposition ; and it is worthy of 
remark, that the celebrated Dugald Stewart, who first 
presented a portion of these letters to the publiq, 
never imagined for a moment that Newton was labour- 
ing under any mental alienation ; and no man could 
be a better judge. 

The notion entertained by Laplace, that Newton 
devoted his [^attention to theology only in the latter 
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part of his Hfe, may be considered as deriving some 
countenance from the fact, that the celebrated general 
scholium, at the end of the second edition of the 
Principia, published in 1713, did not appear in the 
first edition of that work. This argument has been 
ably denied by Dr. J. C. Gregory, of Edinburgh, on 
the authority of a manuscript of Newton, which 
seems to have been transmitted to his ancestor, Dr. 
David Gregory, between the years 1687 and 1698. 
This manuscript which consists of twelve folio pages 
in Newton's handwriting, contains, in the form of 
additions, and scholia to some propositions in the third 
book of the Principia, an account of the opinions of 
the ancient philosophers on gravitation and motion, 
and on natural theology, with various quotations 
from their works. Attached to this manuscript are 
three very^ curious paragraphs. The two first appear 
to have been the original draught of the general 
scholium already referred to ; and the third relates to 
the subject of an ethereal medium, respecting which 
he maintains an opinion diametrically opposite to that 
which he afterwards published at the end of his 
Optics. Dr. Gregory concludes his account of this 
manuscript in the following words : — ** I do not know 
•whether it is true, as stated by Huygens, ' New- 
tonium incidisse, in Phrenitim;' but I think every 
gentleman who examines this manuscript will be of 
opinion that he must have thoroughly recovered from 
his phrenitis before he wrote either the Commentary 
on the Opinions of the Ancients, or the Sketch of his 
own Theological and Philosophical Opinions which it 
contains." 

In the middle of the year 1694, about the time 
•Newton is pronounced to be beginning to understand 
the Principia, we find him occupied with the difficult 
and profound subject of the lunar theory. In order to 
procure observations for verifying the equations which 
he had deduced from the theory of gravity, he 
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paid a visit to Mr. Flamstead, at the Royal Obsenra- 
tory of Greenwich, on the Ist September, 1694, whea 
he received from him a series of lunar observations. 
On the 7th October he wrote to Flamstead that he 
had compared the observations with his theory, and 
had satisfied himself that by both together "the 
moon s theory may be reduced to a good degree of 
exactness, perhaps to the exactness of two or three 
minutes/' He wrote to him again on the 24th of 
October, and the correspondence was continued for 
about four years, Newton making constant appliea-^ 
tion for observations, to compare with his theory of 
the planetary motions; while Flamstead, not suffi- 
ciently aware of the importance of the inquiry, received 
his requests as if they were idle intrusions in which 
the interests of science were but slightly concerned. 
In one of his letters to Newton, he says, " Up<»i. 
hearing occasionally that you had sent a letter to Dr^ 
Wallis about the parallax of the fixed stars to b^ 
printed, and that you had mentioned me therein with 
respect to the theory of the moon, I was concerned 
to be publicly brought upon the stage about what» 
perhaps, will never 1^ fitted for the public, and thertby 
the world put into expectation of what perhaps they 
are never likely to have. I do not love to be printed 
upon every occasion, much less to be dunned by 
foreigners about mathematical things, or to be thought 
by your own people to be trifling away my time when 
I should be about the king's business. 

In receiving the details which we have now 
given respecting the health and occupations of Newton, 
from the commencement of 1692 till 1695, it is im- 
possible to come to any other conclusion than that he 
possessed a sound mind, and was quite capable ofc 
pursuing his mathematical, his metaphysical, and.hia 
astronomical inquiries. During the period of bodily 
indisposition, his mind, though in a state of nervous 
irritability, and disturbed by want of rest, was capable 
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of putting forth its highest powers. At the request 
of Dr. Wallis, he drew up an example of one of his 
propositions on the quadrature of curves in second 
fluxions. At the desire of Dr. Bentley, he composed 
his profound and beautiful letters on the existence of 
the Deity. He was requested by Locke to reconsider 
his opinions on the subject of innate ideas ; and we 
And. him grappling with the dif&culties of the lunar 
theory. 

But with all these proofe of a vigorous mind, a dimi- 
nution of his mental powers has been rashly inferred 
from the cessation of his great discoveries, and from 
his unwillingness to enter upon new investigations. 
The facts, however, here assumed, are as incorrect as 
the inference drawn from them. The ambition of 
lame is a youthful passion which is softened, if not 
mibdued by age. Success diminishes its ardour, and 
early pre-eminence often extinguishes it. Before the 
middle period of his life, Newton was invested with 
alt the insignia of immortality ; but endowed with a 
native humility of mind, and animated with those 
hopes which teach us to form a moderate estimate of 
human greatness, he wa^ satisfied with the laurels 
which he had won, and he sought only to perfect and 
complete his labours. His mind was principally bent 
on the improvement of his Principia ; but he occasional- 
ly diver^d into new fields of scientific research, — ^he 
solved problems of great difficulty, which had been 
proposed to try his strength — and he detoted much 
time to profound inquiries in chronology and theological 
literature. 

The powers of his mind were therefore in full re- 
quisition ; and when we take into our consideration 
that he was called to the discharge of high offidal fanc- 
tions which forced him into public Hfe, and compelled 
to direct his genius into new channels, — we can scarcely 
be surprised that he ceased to produce any orkfimd 
works on abstract science. In the direction of the 
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affiurs of the Mint, and of the Boyal Society, to whicli 
we shall now follow him, he found ample occupation 
for his time, while he deyoted the leisure of his decli- 
ning years to those exalted studies in which philosophy 
3rields to the supremacy of faith, and hope akdminist^s 
to the aspirations of genius. 

We have hitherto viewed Newton as a faithful 
philosopher leading a life of seclusion within the walls 
of a coUege, and either engaged in the duties of his 
professorship, or occupied in mathematical and sci- 
entific inquiries. He had now reached the fifty-third 
year of his age, and while those of his own standing at 
the university had heen receiving high appointments in 
the church, or more lucrative offices under the govern- 
ment, he still remained without any mark of the respect 
or gratitude of his country. All Europe, it is true, had 
' been offering incense to his name, and Englishmen them- 
selves boasted of him as the pride of their country, and 
the ornament of mankind, but he was left in comparative 
poverty ; so much was this the case indeed, that the 
council of the Royal Society excused him from making 
the usual payment of one shilling weekly, " on account 
of his low circumstances, as he represented." He had 
no other income than the salary of his professorship, 
and the trifling rental of his paternal inheritance. 
Such disregard of the greatest genius, dignified by the 
most exemplary virtue, could only have taken place in 
England, and we should have been ready to have 
ascribed this carelessness to the turbulence of the age 
in which he lived, had we not seen, in the history of 
another century, that the successive governments which 
preside over the destinies of Britian, have never been 
able to feel or to recognize the true nobility of soul, 
while the people of the country are reduced to a state 
of misery and privation, on account of the enormous 
sums granted for the support of the aristocracy, who 
never have done, nor, in all likelihood, ever will do 
sm action worthy of being handed down to posterity ; 
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"btit these are the men — and women too, — ^whom the 
British goyemment delights to hononr. 

Among his friends of Cambridge Newton had the 
hononr of numbering Charles Montague, grandson of 
the Earl of Manchester, a young man of high pro- 
mise, and every way worthy of his friendship. 
Though devoted to literary pursuits, and twenty years 
younger than Newton, he cherished for thephilos(^her 
all the veneration of a disciple, and his affection ga- 
thered new strength as he rose to the highest honours 
and offices of the state. In the year 1684, we find 
him co-operating with Newton in the establishment 
of a Philosophical Society at Cambridge, but though 
both of them had made personal application to differ- 
ent individuals to become members, yet the plan faOed 
as Newton expresses it from the want of persons will- 
niff to try uBefvl experiments. 

Mr. Montague sat along with Newton in the Con- 
rention Parliament, and such were the powers he dis- 
played in that asse];nbly, as a public speaker, that he 
was appointed a commissioner of the treasury, and 
soon afterwards a privy councillor. In these situations 
his talents and knowledge of business were highly 
conspicuous, and in 1694, he was appointed Chan- 
cellor of the Exchequer. The current coin of the 
kingdom having been much adulterated and debased, 
one of his earliest designs was to recoin it, and to re- 
store it to its intrinsic value. This scheme, however, 
met with great opposition, being characterised as a 
wild project, unsuited to a period when the nation was 
engaged in war, as highly injurious to the interests of 
commerce, and as likely to sap the foundation of the 
government. But he had studied the subject too deeply, 
and had entrenched himself behind opinions too impar- 
tial and too well founded, to be driven from a measure 
which the best interests of his country seemed to re- 
quire. 

The persons whom Mr. Montague had consulted 
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about tbe re-coinage, were Newton, Locke, andllalley, 
and in consequence of Mr. Overton, the warden of the 
Mint, having been appointed a Commissioner of Cus- 
toms, he embraced the opportunity which was thua 
offered, of serving his friend and his country, by re-* 
commending Newton to that important office. The 
notice of his appointment was conveyed to Newton in 
the following letter : — 

London, 19tli March, 1695. 

" Sir, 
^^ I am very glad that, at last, I can give you a 
good proof of my friendship, and the esteem the king 
has of your merit. Mr. Overton, the Warden of the 
Mint, is made one of the Commissioners of the Cus « 
toms, and the king has promised me to make Mr. 
Newton Warden of the Mint. The office is the most 
proper for you. Tis the chief office in the Mint, 'tis 
worth five or six hundred pounds per annum, and haa 
not too much business to require more attendance than 
you can spare. I desire you will come up as soon as 
you can, and I will take care of your warrant in the 
meantime. Let me see you as soon as you come to 
town, that I may cairy you to kiss the king's hand. 
I believe you may have a lodging near me. 
^' I am, &c., &c. 

^^ Charles Montague." 

In this new situation the mathematical and chemi* 
cal knowledge of Newton was of great service to the 
nation, and he became eminently useful in carrpng on. 
the re -coinage, which was completed in the space of 
two years. In the year 1699, he iv^as promoted to the 
Mastership of the Mint, — a situation which was worth 
^1500 per annum, and which he held during the re- 
mainder of his life. While he was yet Master of the 
Mint, he wrote an official report on the coinage which 
was published ; and he likewise drew up a table of 
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efisays of foreign coins, which was printed at the end 
of Dr. Arbuthnot's Tables of Ancient Coins, Weights, 
and Measures, and appeared in 1727. 

Newton retained his professorship at Cambridge tiD 
his promotion to the Mastership in 1699, when he ap- 
pointed Mr. T^histon to be his deputy, with all the 
emoluments of the office ; and when he resigned the 
chair in 1703, he succeeded in getting him nominated 
his successor. 

The appointment of Newton to the Mastership of 
the Mint must have been peculiarly gratifying to the 
members of the Royal Society, and it was probably 
from a feeling of gratitude to Mr. Montague, more 
than &om a regard for his talents, that this Me states- 
man was unanimously elected president of that learned 
body. This office he held for three years, and Newton 
had the satisfaction of addressing to him his solution of 
the celebrated problems proposed by John Bernouilli. 

Charles Montague was created Earl of Halifax in 
1700 ; and after the death of his first wife he con- 
ceived an ardent attachment for the niece of Newton, 
who was the widow of Colonel Barton. This lady 
was young, gay, and beautiful, and though she did not 
escape the censures of the world, she was regarded by 
siXL who knew her as a woman of the strictest honour 
and virtue. . What were the causes which prevented 
her union with the Earl of Halifax, we have no means 
of knowing, but eg great was the esteem and affection 
which he bore her, that in his will in which he left 
.£100 to Mr. Newton, he bequeathed to Mrs. Barton 
a very large portion of his fortune. This distinguished 
statesman died in 1715, in the fifty-fourth year of his 
age. Himself, a poet and an elegant writer, he was the 
liberal patron of genius, and he numbered among his 
intimate friends Congreve, Halley, Prior, Tickel^ 
Steele, and Pope. His conduct to Newton will be for 
ever remembered in the annals of science. The sa^es 
of every nation and of every age will prononnce with 
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&&Gti<m the name of Charles Montague, and the paip* 
aecnted science of En^nd mil continne to defrfoBe 
that he was the first and the last En^k mimstcor who 
honoured genius hf his friendship vad rewarded it* by 
hifr patsonage. ' 

The eleratiDA of Mr. Newton to the highest ottees 
in the Hunt) wasr followed by other marks xA hmmxt. 
The Royal Acadiyny of Sciences at Paris having lia» 
empowered by a New Charter, granted in 1690^ to ad- 
mii a veiy small number of foreign assoeiates, Newton 
was elected a naembw of that distingui^ied.bQ^; In 
the ysar 1701, on the assembling of a new parltam^Mtfa, 
he was re^'clected (me of the members for the UnLver- 
sity of Cambridge. In 1703, he was chosen President 
of the Royal Society of London, to which oj£ce he was 
annually re-elected during the twenty-five remainii^ 
years of his life. On the 16th of April, 1705, wheaa 
Queen Anne was- living at the royal residence of New- 
market, she went with Prince George of Denmark, 
and the rest of the court to visit the University of 
Cambridge. After the meeting of the Regia Consilia, 
her majesty held a court at Trinity Lodge, the resi- 
dence of Dr. Bentley then master of Trinity, where 
the honour of knighthood was conferred upon Mr. 
Newton, Mr. John EUis, the vice-chancellor, and Mr. 
James Montague, the university counsel. 

On the dissolution of the parliament, which took 
place in 1705, Sir Isaac was again a candidate for the 
representation of the university, but notwithstanding 
the recent expression of the royal favour, he lost his 
election by a very great majority. There were foiir 
candidates, of whom the highest had 182 votes, while 
Sir Isaac, the lowest, had only 117. This singular 
result was perhaps owing to the loss of that personal 
influence which his residence in the university could 
not fail to command, though it is more probable Idiat 
the ministry preferred the candidates of a more oI>- 
sequious charaeter, and that the dectors looked for 
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advantages which Newton was not able to procure &r 
ih^n. 

Although the first edition of the Principia had been 
for some time sold off, and copies had become seanaB^ 
yet Sir Isaac s attention was so much oocu|ned inth 
hie professional avoeations^ that lie could not find 
leisure for preparing a new edition. Dr. Beniley, who 
had frei^uentiiy urged him to undertake the tuk, at 
last suooeeded by engagiii^ Eoger Cotes, Plumian 
Pxofbssor oi Astronomy at Cambridge, to supexintend 
its publication at the university press. In June, ITGd, 
Sir Isaac committed this important trust to his young 
hxBsxd ; and about the middle of July, he promised to 
send him in the course of a fbrtnight, his own revised 
copy of the wcH^k. Business, however, seems to have 
intervened and that gentleman was obliged to remind 
Sir Isaac of his promise, which he did in the following 
letter :*- 

" Cambridge, Aug. ISth* 1709. 

" Sib, 
" The earnest desire I have to see a new edition of 
your " Principia," makes me somewhat impatient till 
we receive your copy of it, which you were pleased 
to promise me about the middle of last month you 
would send down in about a fortnight's time. I hope 
you will pardon me for this uneasmess. from which I 
cannot free myself, and for giving you this trouble to 
let you know it. I have been so much obliged by 
yourself and your book, that (I desire you to believe 
me,) I think myself bound in gratitude to take all 
tlie care that I properly can that it shall be correct. 
Your obliged servant, " Roger Cotes." 

** For Sir Isaac Newton, at his house^ 
in Jermyn Street, near St. James's 
Church, Westminiter.** 

This was the commencement of tiiat lengthened 
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correspondence, consisting of nearly three hunidrecl 
letters, in which Sir Isaac and Mr. Cotes discu88e4 
the various improvements which were thought neces- 
sary in a new edition of the Principia. The revised 
copy was forthwith sent to Camhridge, and Mr. 
Cotes gladly undertook the labour of superintending 
the printing of it. 

When the work was ready for publication, Mr. 
Cotes expressed a wish that Dr. Bentley should write 
a preface to it, but it was the opinion both of Sir 
Isaac and the Doctor, that the preface should come 
from the pen of Mr. Cotes himself. This he engaged 
to do ; but previous to writing it he addressed the 
following letter to Dr. Bentley, in order to learn 
from Sir Isaac the particular view with which it 
should be written. 

" March lOth, 1712-13; 

'' Sir, 
" I received what you wrote to me in Sir Isaac's 
letter. I will set about the index in a day or two. 
As for the preface, I should be glad to know from 
Sir Isaac with what view he thinks proper to have it 
written. You know the book has been received 
abroad with some disadvantage, and the cause of it 
may be easily guessed^at. The " Commercium Epis* 
tolicum," lately published by order of the Royal 
Society, gives such indubitable proofe of Mr. Leib- 
nitz's want of candour, that I shall not scruple in the 
least to speak out the full truth of the matter, if it 
be thought convenient. There are some pieces of his 
looking this way, which deserve a censure, as his 
^' Tentamen de motuum caelestium causis." If Sir 
Isaac is willing that something of this nature may be 
done, I should be glad if, whilst I am making the 
index, he would consider of it, and put down a few 
notes of what he thinks most material to be insisted on. 
This I say upon supposition that I write the preface 
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mjaelt. Bat I think it will be mucli more advisable 
that yoQ, or he, or both of you, should write it 
whilst you are in town. You may depend upon it 
I will own it, and defend it as well as I can, if here- 
after there should be occasion. I am, Sir, &c. 

We have no means of learning the instructions 
which were given to Mr. Cotes ; but it appears from 
the pre&ce itself that Sir Isaac had prohibited any 
personal reference to the conduct of Leibnitz. 

In the year 1714 several captains and owners of 
merchant vessels petitioned the House of Commons 
to consider the propriety of bringing in a bill to re- 
ward inventions for promoting the discovery of the 
longitude at sea. A committee was appointed to in- 
vestigate the subject, and Mr. Ditton and Mr. 
Whiston, having thought of a new method of finding 
the longitude, submitted it to the committee. Four 
members of the Royal Society viz.. Sir Isaac Newtoa, 
Dr. Halley, Mr. Cotes, and Dr. Clarke, were ex- 
amined on the subject, along vdth Messrs. Ditton and 
Whiston. The three last of these philosophers stated 
their opinions verbally. Mr. Cotes considered 'the 
proposed scheme as correct in theory and on shore, 
and both he and Dr. Halley were of opinion that ex- 
pensive experiments would be requisite. Newton, 
when caHed upon for his opinion, read the following 
memorandum, which is worthy of being recorded : — 

^' For determining the longitude at sea there have 
been several projects, true in theory, but difficult to 
execute. 

" 1. One is by a watch to keep time exactly ; but 
by reason of the motion of the ship, the variation 
of heat and cold, wet or dry, and the difference of 
gravity in different latitudes, such a watch hath not 
yet been made. 

"2. Another is by the eclipses of Jupiter's 
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Midlites; bnt, bj leaeon of the lengtii ci telein^M 
leqoiflite to observe them, and the motion of a ship st 
«ea^ those eclipses cannot yet be there observed. 

<^ 3. A tbn:d is by the place of the moon ; bni h&t 
theory is not yet esact &r that purpose; it is ezaet 
enough to determine the longitude within two or three 
degrees, but not within a d^pree. 

^< 4. A fourth is Mr. Ditton's project, and this is 
xather for keeping an account of the longitude at se% 
than for finding it, if at any time it i^ould be ksi^ 
as. it may easily be in cloudy weather. How hx this 
is practicable, and with what charge^ they thai ave 
dulled in sea affairs are best able to judge. In sail- 
ing by this method, whenever they are to pass ovwr 
very deep seas, they must sail due east or west ; Hmf 
must first sail into the latitude of tibe next placet t» 
wluch they are going beyond it, and then ke^ due 
east or west, till they come at tiiat place. In tiie 
three first three ways there must be a watch regulated 
by a ^ring, and rectified every visoble sunrise aod 
sunset, to tell the hour of the day <mp nights In tiie 
Ibuziii way such a watch is not necessary. ]&i» ike 
first way there must be two watches, this and the other 
above mentioned. In any of the three first ways, it 
may be of some service to find the longitude within a 
degree, and of much more service to find it wxHm 
forty minutes, or half a degree if it may be, and ilie 
success may deserve rew^s accordingly. In tiie 
fourth way, it is easier to enable seamen to know their 
distance and bearing from the shore, 40, 60, or 80 
miles off, than to cross the seas ; and some part of 
the revTard may be given, when the first is performed 
on the coast of Great Britain, for the safety of ships 
coming home: and the rest, when seamen shall* be 
enabled to sail to an assigned remote harbour without 
losing their longitude if it may be." 

The committee brought up l^eir report on the 11th 
0{ June, and recommended that a bill should be intro- 
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dneed into parliament for the purpose of rewarding 
inventions or discoyeries connected with the de- 
termination of the longitude. The hill passed the 
House of Commons on the Srd of July, and was 
agreed to hy the Lords on the 8th of the same month. 
Mr. Whiston, in giving an account of this transac- 
tion, in his '' Longitude Discovered," states that no- 
body understood Sir Isaac's paper, and that after 
atting down he obstinately kept silence, though he 
WM much pressed to explain himself more distinctly. 
At last seeing that the scheme was Ekely to be re- 
jected, Whiston ventured to say that Sir Isaac did 
not wish to explain more through fear of compro- 
ttiising himself, but that he reaUy approved of the 
plan. Sir Isaac, he goes on to say, repeated every 
word that he had said. This is the part of Newton's 
oonduot which M. Biot has described as puerile, and 
^ tending to confirm the feet of the aberration of hii 
intellect in 1693." We must be satisfied with the 
correctness of Whiston's statement before we can ad* 
mit such a censure. The paper read by Newton is 
perfectly plain, and we may easily understand how be 
might have approved of Mr. Ditton's plan as ingeni- 
ous and practicable under particular circumstances^ 
though he did not think it of that paramount impor- 
tance which would have authorized the House ci 
Commons to distinguish it by a ^parliamentary re- 
ward. The conflict between public duty and a dis- 
position to promote the interests c^ Messrs. Whiston 
and Ditton, was undoubtedly the cause of that em- 
barrassment of manner which the former of these 
mathematicians has so ungratefully brought before 
the public. 
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CHAPTER VII. 

Aefpect in which Newton is held at the court of George I. The 
Princess of Wales delighted with his conversation. She obtains a 
manuscript copy of his system of Chronology. She allows the Abbe 
Conti to take a copy of it on the promise of secrecy. He publishei 
it surreptitiously in French. Sir Isaac's defence of his system. 
Theological studies of Sir Isaac. Origin of Newton's Theological 
studies. Analogy between the Book of Nature and that of Reve- 
lation. Minor Discoveries of Newton. His Reflecting Sextant. 
Reflecting Microscope. Prismatic Reflector. His method of varying 
the Magnifying power of Newtonian Telescopes. His Experiments on 
Impressions on the Retina. 

Sir Isaac Newton became an object of interest at 
the British court on the accession of George I., to the 
throne of these dominions in 1714. His high situa- 
tion under government — ^his splendid reputation — ^his 
spotless character — and above all, his unaffected 
piety, attracted the attention of the Princess of 
Wales. This lady who possessed a highly cultivated 
mind, derived the greatest pleasure from conversfng 
with Newton and corresponding with Leibnitz. In 
all her difficulties she applied to Sir Isaac, from whom 
she received that information and assistance which 
she had elsewhere sought in vain ; and she was fre- 
quently heard to declare that she considered herself 
as fortunate in living at a period which enabled her to 
enjoy the conversation of so great a genius. But 
while Newton was thus esteemed by the house of 
Hanover, Leibnitz, his great rival, endeavoured to 
weaken and undermine his influence. In his corres- 
pondence with the princess he represented the New- 
tonian philosophy as, not only physically false, but as 
injurious to the interests of religion. He asserted that 
natural religion was rapidly declining in England, and 
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he supported this assertion hy referring to the works 
of Locke, and to the beautifol and pious sentiments 
contained in the 28th query at the end of the Optics. 
He represented the principles of these great men as 
precisely the same with those of the materialists, and 
thus endeavoured to degrade the character of English 
philosophers. 

These attacks of Leibnitz became subjects of con- 
versation at court, and when they reached the ear of 
the king, his majesty expressed his expectation that 
Sir Isaac would draw up a reply. He accordingly 
entered the lists on the mathematical part of the con- 
troversy, and left the philosophical part of it to Dr. 
Clarke, who was more than a match for the German 
philosopher. The correspondence which ensued was 
carefully perused by the princess, and from the esti- 
mation in which Sir Isaac continued to be held we 
may infer that the views of the English philosopher 
were not very remote from her own. 

One day, when Sir Isaac was conversing with her 
royal highness on some portion of ancient history, he 
was led to mention to her,, and to explain, his now 
system of chronology which he composed during his 
residence at Cambridge, when he was in the habit, as 
be himself expresses it, " of refreshing himself with 
history and chronology when he was weary with 
other studies." The princess was so much pleased 
with this ingenious system, that she afterwards sent 
a message by the Abbe Conti to Sir Isaac, requesting 
him to speak with her, and she, when he came, 
earnestly entreated him to favour her with a copy of 
the interesting work which contained his system of 
chronology. Sir Isaac informed her, that it existed 
merely in separate papers, which were not only in a 
state of confusion, but which contained a very imper- 
fect view of the subject, and he promised, in a few 
days to draw up an abstract of it for her own private 
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tt9e» and on the condition that it should not be Qom^ 
monicated to any other person whatever. Some time 
aAer the princess received the manuseript, she re* 
quested that the Abbe Conti might be aUowad to 
have a copy of it. Sir Isaac granted this request, and 
the Abbe was informed that he received a copy of 
the manuscript with Sir Isaac's permission, at the 
princess's re<|uest, and that it was to be kept secret. 
The manuscnpt which was thus confidingly put into 
the hands of a foreigner, was entitled '^ A short 
Olironiole from the £u!«t Memory of Thii^ in Europe 
to the Conquest of Persia by Alexander the Great." 
li consists of about twenty four quarto printed pages, 
with an introduction of four pages, in which Sir Isaac 
states that he '^does not pretend to be exact to a 
year, that there may errors of fivo or ten years, and 
sometimes twenty, but not much above." 

The Abbe Conti kept his promise of secrecy so 
long as he remained in. England, but he no sooner 
breached Paris, thui he communicated it to M. Froret, 
a learned antiquarian, who not only translated it, but 
drew up observations upon it for the purpose of re<* 
futing some of its principal results. Sir Isaac waa 
unacquainted with this transaction till he was in- 
formed of it by the French bookseller, M. Cavaliec, 
in whose hands it had been placed, who requested his 
leave to publish it, and charged one of his friends in 
London to procure Sir Isaac's answer, which wm 
speedily given as follows : — 

^' I remember that I wrote a Chronological Indei: 
for a particular Mend, on condition that it should not 
be communicated. As I have not seen the manu* 
script which you have under my name, I know not 
whether it be the same. That which I wrote was not 
all done with de^gn to publish it. I intend not to 
meddle with that which hath been given you ui^ider 
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mf B«ne, nor to giye any conaeid; to the pabHshiag of 
it. I am your very hunl^e servant. 

**Is. Nbwtok.** 

,MayS7tlk«17S6,0^. 



Beforo thk letter was written, M. Caralier had 
nMetved the royal sanction &>r printhig the work; 
and when it was completed he sent a copy of it in a 
pnsent to Sir Isaac, who leoeived it on the lltk 
Novmnber, 1725. It was entitled '^ Abrege de Ciii^ 
atlogie de M. Le Chevalier Newtcm, £ut par lui-mane^ 
el tnduit snr le mannscrqpt Anglais," and was acoom- 
pmAid with observations by M. Freret, the object of 
wJueh was to contradict the kading points of the 
iifBlen. An advertisement was prefijced to it^ in 
vAkk M. Cavalier defends himself for publishing it 
mthottt the anther's permission, on the ground tiiit 
he Ittd writfcen three letters to obtain his consent, and 
imi dechured that he woi;dd take Sir Isaac's silence MB 
a taott permission. When Sir Isaac received tUa 
mick, he drew np a paper entilded ^^ Bemarks on the 
Qlnutiations made on a Chronological Index of Sir 
iMsr Newton, translated into French by the Obser- 
v«ior, a»d published at Paris." These remarks weie 
ynMnKed in the ddrd volume of the Philosophical 
Trwoat lions for 1725. He gives a complete history 
ti the transaction ; charges the Abbe ^onti with d^ 
ceiti and blamea M. Cavalier. for having asked his 
penaiflsion to publish the translation without sending 
him a copy for his perusal, without acquainting hitt 
with the name of the translator, and without annoonc- 
ing his intention of publishing along with it a refutation 
«£ the original. The observations made by the trans- 
lator against the conclusions deduced by the author 
were founded on an imperfect knowledge of Sir Isaac's 
srfskem; and they are so plausible il^t Dr. Halley 
CMftsses that he was at first prejudiced in &voiir c£ 
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{he observations, taking the calculations for gianied, 
and not having seen the original. 

To all the (K>8ervations of Freret, Sir Isaac returned 
an explicit answer. This presumptuous antiquary 
had ventured to state at the end of his observations, 
'^ that he believed he had stated enough concerning the 
epochs of the Argonauts, and the length of generatioasi, 
to make people cautious about the rest ; for these are 
the two foundations of all this new system of chrono- 
logy." He founds his arguments against the epochs 
of the Argonauts, as fixed by our author, on the sup- 
position that Sir Isaac places the vernal equinox at 
the time of the Argonautic expedition in the middle of 
the sign of Aries^ whereas Sir Isaac places it in the 
middle of the constellation — d, point corresponding vntb 
the middle of the back of Aries, or eight degrees 
£rom the first star of Aries. This position of the co- 
lure is assigned on the authority of Eudoxus, as given 
by Hipparchus, who says that the colure passed over 
tke back of Aries. Setting out with this mistake^ 
M. Freret concludes that the Argonautic expedition 
took place 532 years earlier than Sir Isaac allowed. 
His second objection relates to the length of genera- 
tions, which he asserts is made in this new system 
only 18 or 20 years. On the contrary, Sur Isaac 
reckons a generation at 33 years, or 3 generations at 
100 ; and it was the length of the reigns of kings that 
he made 18 or 20 years. This deduction he founds 
on the reigns of 64 French kings. Now the ancient 
Greeks and Egyptians reckoned the length «f a reign 
equal to that of a generation ; and it was by correct* 
ing this mistake, and adopting a measure foxmded tm. 
&ct, that Sir Isaac placed the Argonautic expedition 
44 years after the death of Solomon, and fixed some 
of the other points of his system. 

Sir Isaac's answer to these objections called into 
the field a fresh antagonist, Father Souciet, who pub-> 
lished no fewer than five dissertations on the new 
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dironology. These dissertations weie written in a 
style disgraceful to a scholar; and the friends of Sir 
Isaac being afraid that the manner in which his sys- 
tem was attacked, wonld be more hurtJEul to his feel- 
ings than the arguments themselyes, prevailed npon a 
friend to draw up an abstract of Souciet's objections, 
stripped of their offensive language. The perusal of 
these arguments only convinced Sir Isaac of the 
shameful ignorance of their author; and he was in- 
duced to read the original work, which only confirmed 
him in opinion. 

In consequence of these attacks and discussions, 
Sir Isaac was prevailed upon, in order to set the mat- 
ter at rest, to prepare his larger work for publication. 
He had nearly completed it at the time of his death, 
and it was published in 1728, under the title of 
** The Chronology of Ancient Kingdoms amended, to 
which is prefixed, a Short Chronicle from the first 
memory of Things in Europe, to the Conquest of 
Persia, by Alexander the Great." It was dedicated 
to the Queen, by Mr. Conduit, and consists of six 
chapters; 1. On the Chronology of the Ghreeks; 2. 
Of the Empire of Egypt ; 3. Of the Ass3nian Em- 
pire ; 4, Of the two^ contemporary Empires "of the 
Babylonians and Medes; 5. A Description of the 
Temple of Solomon; 6. Of the Empire of the Per- 
sians. The sixth chapter was not copied out with 
the other five, which makes it doubtfol whether it 
was intended for publication or not, but as it was 
found among his papers, and appeared to be a conti- 
nuation of the same work, it was thought proper by 
the friends of the deceased author to add it to the 
other five chapters. 

After the death of Newton, Dr. Halley, who had 
not yet seen the larger work, felt himself called upon, 
both as astronomer-royal and as the personal friend 
of the author, to reply to the first and last disserta- 
tion of Father Souciet, which were chiefly astronomic 
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«a1; aad m two papers printed in the d4tk and Q&iii 
volnmes of the JE^ilosoptdcal Transactions, he haa 
dpoe this in a most oonyinciag and learned argontt&t, 
ahowittg the i^tal incapacity <^ Souci^ £ar tihe taak 
which he had so seaioiualy nndertaken. 

AMODg the supporters of the views of Newton, we 
mBkj enumerate Dr. Eeid, Nauaw, and some otber 
wnteis ; and among its opponents who were far moEe 
awueroos, M. Freret, whe left at his death a posthu- 
Buoas work on the subject, M. Fourmond, Mr. A. 
Bedford, Dr. Shuckford, Dr. Middleton, Whiston, 
and M. Delambre. The object of Fourmond is to 
show the uneertainty of the astronomical argument, 
arifikig on the one hand from the vague account of the 
andent sphere as given by Hipparchus; and, on the 
othec^ frcmi the extreme rudeness of ancient astronomical 
^hsorvations. Delambre has taken a similar view of 
the sul]»|ect He r^ards the observations of andent 
astioaamars as too incorrect to form the baas of. a 
$fskem of chronology ; and he maintains, that if we 
adndt the accuracy of the details in the sphere (£ 
Budojcus, and suppose th^n all to belong to the same 
epochs all the stars which it contsdns ought at that 
ffHMh to be found in the place where they are marked, 
and we might thence verify the accuracy, and ascer« 
tain the state of the observations. It foUows, how- 
ovw, from Mich an examination, that the sphere would 
mdioate almost as many different epochs as it contains 
stars. Some of tiiem even had not, in the time of 
Badoxus, arrived at the position wmoh had been for a 
kng time attributed to them, and will not even reach 
it for 800 years to come, and on this account he con* 
eiders it impossible to deduce any chronological Qon.- 
dusions from such a rude mass of errors. 

But howevm: well founded these observations may 
be, we heartily concur in the opinion of M. Danoa 
^Hhat they are not suficient to establish a new qrs- 
tern, and we must regard the system of Newton, as a 
great fact in the history of chronological science, aud 
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as oonfinning the observatioii of Yarro, the sfcage of 
history^ does not commence till the first Olympiad." 

While npon this part of our subject, we must not 
forget to enumerate, among the chronological writings 
of oir Isaac Newton, his ^^ Letter to a person of dis- 
tinction, who had deGnred his opinion of the learned 
Bishop Lloyd's hypothesis of the most ancient year/' 
This hypothesis was sent by the Bishop of Worcester 
to Dr. Prideaux. Sir Isaac says, that it is filled with 
many excellent obsenrations on the ancient year ; but 
he does not find it proved that any ancient nati(«n 
used a year of 12 months and 360 days, witiiont 
correctuig it firom time to time by the luminaries, to 
make the months keep to the course of the moon, and 
tiie year to the course of the sun, and returns of the 
seasons and fruits of the earth." After examining the 
years of all the nations of antiquity, he concludes, 
^ that no other years are to be met with among the 
ancients, but such as were either luni-solar, or solav 
or lunar, or the calendars of these years. A practical 
year," he adds, "of 360 days, "is none of these.— 
The beginning of such a year would hare run round 
the four seasons in seventy years ; and such a notable 
revolution would have been mentioned in history, and 
is not to be asserted without {Hroving it." 

We wiU now turn our attention to the history ot 
the theological studies of Sir Isaac Newton, which 
must ever be regarded as one of the most inte^ 
resting portions of his life. That he who among all 
the individuals of his species possessed the hi^eet' 
intellectual powers, was not oidy a learned and pro* 
found divine, but a firm believaf in the great doctmes 
of religion, is one of the proudest triumphs of the 
Christian &ith. Had he distinguished himself only 
by an external respect for the offices and duties it 
rdigion, and had he left merely in his last words aa 
aclmowledffment of his fiiith, his piety mUit have 
been ascribed to tile decay or the eztiacti^ of hia 
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transcendant powers. But Isaac Newton had been a 
Christiaa^from his early youth, and though never iitr* 
tended to W a prisacher of the gospel, yet he inter** 
changed the study of the Scriptures with that of thi6 
laws of t\^ material universe ; and from the examina- 
tion of the works of the Creator, he found it to he iwi 
abrupt transition to investigate the revelation of his 
will, and to calculate the immortal destinies of man- 
kind. 

But when the reli^ous professions of Sir Isaacs 
Newton could not he ascribed to an ambition of popu*- 
larity, to the influence of weak health, or to the force 
of professional impulse, it became necessary for the 
apostles of infidelity to refer it to some extraordinary 
cause. His supposed aberration of intellect was there- 
fore eagerly seized upon by some as a plausible origin 
for his religious principles : while others, without any 
view of supporting the cause of scepticism, ascribed 
his theological researches to the habits of the age in 
which he lived, and to a desire of promoting political 
freedom, by turning against the abettors of despotism 
those powerful weapons which the Holy Scriptures 
supplied. The anxiety of Laplace to refer his reli- 
gious writings to a late period of his life, seems to have 
also been felt by Biot, who has gone so fer as to fix 
the date of one of his most important works, and 
thus to establish the erroneous suspicions of his 
coUeagne. 

In his observations on Sir Isaac's " Historical Ac- 
count of two notable Corruptions of the Scriptures," 
he sajrs, " From the nature of the subject, and frona 
certain indications which Newton seems to give at the 
beginning of his dissertation, we may conjecture with 
probability that he composed it at the time when the 
errors of Whiston, and a work of Dr. Clarke on the 
same subject, drew upon them the attacks of all 
the theologians of England, which would place the 
date between the years 1712 and 1719. It would 
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then be truly a prodigy to remark, that a man 
of from seventy-two to seventy-five years of age was 
able to compose, rapidly, as he lekda us to bblieve, 
so extensive a piece of sacred critidsm, of literary 
histoy, and even of bibliography, whwe an erudition 
the ^ost vast, the most varied, and the most ready, 
always supports an argument well arranged and pow- 
erfully combined. * * * At this epoch of the 
life of NewtoD, the reading of religious books had 
become one of his most habitual occupations ; and 
after he had performed the duties of his office, they 
farmed, along with the conversation of his friends, his 
principal amusement. He had then almost ceased to 
care for the sciences; and as we have already re- 
marked, since the fatal epoch of 1693, he gave to the 
world only three really new scientific productions." 

M. Biot has, however, adopted 1712-19 as the date 
of this critical dissertation, notwithstanding the pro- 
digy which it involves ; — ^it is regarded as the compo- 
sition of a man of seventy-two or seventy-five ; — ^the 
reading of religious books is stated to have become one 
of his most habitual occupations, and such reading to 
have been one of his principal amusements ; — and all 
^his is associated with ^^ the fatal epoch of 1693," as 
if his illness at that time had been the cause of his 
abandoning science and betaking himself to theology. 
Carrying on the same views, Mr. Biot asks, in refer- 
ence to Sir Isaac's works on Prophecy, " How a mind 
of the character and force of Newton's, so habituated 
to the severity of mathematical considerations, so 
exercised in the observation of real phenomena, and 
60 well aware of the conditions by wluch truth is to 
be discovered, could put together such a number of 
conjectures without noticing the extreme improba- 
bility of his interpretations from the infinite numbw 
of arbitrary postulates on which he has founded 
them V We would apply the same question to the 
reasoning by which Biot fixes the date of the critical 
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disBertatioii ; and we would ask how so eminent a 
philoMipher coudd bsBaxd gnoh MtoIous coDJocimnds 
vpan a subject on which he had not a single &ct i# 
gpdde hift inquiries^ TIm obvious tendency^ thoagh 
not the dea^ of the eondinsion at which he airives^ 
18 injuiioiis to the memory of Sir Isaac, as well as td 
ifaa inloFests of i«]igion; and these consideratioiis 
might have checked the temerity of speculation «vett 
if ib had been founded on better data. The New- 
tonian interpretation of the Prophecies, and especially 
tbat part which Biot characterizes as unhappily 
stomped with the spirit of prejudice, has been adopted 
hy men of the soundest and most unprejudiced minda ; 
and, in addition to the moral and historical erideaioe 
by which it is supported, it may yet be exhibited in 
ail the foUness of demonstration. But the speculation 
of Biot respecting the date of Newton s theological 
works was never maintained by any other person tiian 
huBsel^ and is capable of being di^royed by the most 
iaoontroyertible evidence. 

We have previously seen in the extract &om Mr. 
"BrymeB manuscript journal, that before the year 
1692, when a shade is supposed to have obscured Us 
powerful mind, Newton was well known as an ^' ex- 
eeQe&t divine"-— a character which it was impossible 
he could ha;ve acquired without the attention of maAy 
yens to theological researches ; but important as ikbt 
azgument would have been, we are fortunately not left 
to so general a defence. The correspondence of New- 
ton inth Locke, published by Lord King, places it 
beyond the possibility of a doubt that he had bc^gun 
his researches respecting the prophecies before the 
year 1691 — ^belbre the 49th year of his age, and pre- 
vimifi to '' the £»tal epoch of 1693." That he had 
pvevioufily discussed this intaresting subject is evid^t 
teem the followiag letter to his friend :-^ 
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'OaaMOg^, Feb. Ttb^UfO^!. 



^^ I am wrry your journey proved to so little piov 
pe0e^ though it delivered yoa from ihe trouble d ibe 
e^npaay tke day after. Yen bave obliged me hf 
amitioiuiig me to my Mead, at London, attd I mm^ 
tiaodc both you and ray Lady Masham for yonr civiH** 
ties at Oates, and for not tMnking that I made a long 
stvy theie. I hope we shall meet agMn in due time^ 
and then I should be glad to hwve your judgment upon 
sono of my mystical &ncies. The Son oi Mao; 
Dan. vii., I take to be tiie same with the Word of 
Qod upon the White Horse in Heayen, Apoc. zii., ftoi 
both 2y*e to rule ihe nations with a rod of iron ; bat 
whence are you certain that Ihe Ancient of Days is 
Christ ? Does Christ any where &dt upon the throne ? 
If Sir Francis Masham be at Oates, present, I pray 
my service to him with his lady, Mrs. Cudworth and 
'H/bm. Masham. Dr. Covel is not in Cambridge. — I 
am your affi^ctaonate and humble servant, 

''Is-Newton." 

^ Know you the meaning of Dan. x. 21. Theio 
is none ^at holdeth with me in these things, but 
Midi, the Prince." 

Having thus determined the date of tiiose inves- 
tigations which constitute his ^' Observations on the 
F^o^edes of Holy Writ," particularly the prophecies 
of Darnel and the Apocalypse, we shall proceed to fix 
the latest date of his ^' historical account of two notabfe 
coviuptiims of the Scripture, in a letter to a friend." 

This work seems to have been a very early pro^ 
dmction ofNewtOn's. It was written in the f^rm of a 
letter to Mr, Locke, and at the time, Sir Isaac appeals 
t9 have been anxious for its publication. Aftaid, 
however, *of 'bemg again led into a controversy^ and 
dreading the intolerance to which he might be expose^ 
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he requested his friend, who was at that time inkBiI-' 
ing to proceed to HoUaud, to get it translated into 
French, and published on the continent. Having 
abandoned his design of visiting Holland, Locke 
transmitted the manuscript, without the author s name, 
to his learned correspondent, M. Le Clerc, in Holland; 
and it appears from a letter of Le Clerc to Mr. Loet^^ 
that he had received the manuscript previous to April 
11th, 1691. M. Le Clerc, however, delayed taking 
any steps regarding its publication for a long time ; 
and it was till the 20th of January, 1692, that he an-^ 
nounced to Locke, his intention of publishing the tract 
in Latin. When this plan was communicated to 
Newton, he became alarmed at the risk of detection, 
and resolved to stop the publication. This resolutioa 
he intimated to Mr. Locke in the following letter :--^ 

" Cunbridge« Feb. 16th, 1991-2. 

" Sir, 

" Your former letters came not to nay hand, but 
this I bave. I was of opinion my papers had laia 
still, and am sorry to hear there is news about thenu 
Let me entreat you to stop their translation and im- 
pression so soon as you can ; for I design to suppress I 
them. If your friend hath been at any pains and ' 
charge, I will repay it, and gratify him. I am very h 
glad my Lord Monmouth is stiU my friend, but intend ^ 
not to give his lordship and you any farther trouble. 
My intentions are to sit still. I am to beg his lord* 
ship's pardon for pressing into his company the last 
time I saw him, and had net done it, but that Mr. 
Paulin pressed me into the room. Miracles, of good 
credit, continued in the church for about two or three 
Jmndred years. Gregorius Thaumaturgus had his 
name from thence, and was one of the latest who was 
eminent for that gift ; but of their number and fre- 
quency I am not able to ^ve you a just account. 
The history of those ages is very imperfect. Mr. 
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Fatdin told me you had writ for some of Mr. Boyle's 
red earth, and by that I know you had the receipt. 
^' Your most affectionate and obedient servant^ 

"Is. Newton." 

We have here positive eyidence that this celebrated 
treatise which M. Biot asserts to have been written 
between the years 1712 and 1719, was actually in the 
hands of Le Clerc in Holland, at least twenty-one 
years preyiously, viz, April, 1691; and consequently 
before the time of its author s supposed insanity. 
Mr. Locke lost no time in obeying the request of 
Newton, and Le Clerc instantly stopped the publication 
of the letter ; but, as he had never understood who 
was the author, he deposited the manuscript, which 
was in the handwriting of Locke, in the library of the 
Remonstrants, where it was afterwards found, and 
was published at London, in 1754, under the title of 
*' Two Letters fifom Sir Isaac Newton to M. Le Clerc" 
— a form which had never been given to it by its 
author. The copy thus published was veiy imperfect, 
as it wanted both the banning and the aid, and er- 
roneous in many places; but Dr. Horsley has pub- 
lished a genuine edition, which is ip the form of a 
single letter to a friend, and was printed &om a manu- 
script in the handwriting of Sir Isaac Newton, in the 
possession of the Rev. Dr. Ekins, Dean of Carlisle. 

Having thus determined the dates of the principal 
ihedogical writings of Sir Isaac, with as much ac- 
omracy as possible, we shall now proceed to give some 
account of their contents. 

^^ffhe Observations on the prophecies of Daniel, and 
the Apocalypse of St. John" were published in 
jMaiotky in 1733, in one quarto volume. The work is 
divided into two parts, the first of which treats of the 
Prophecies of Daniel, and the second of the Apo- 
caljpse of St. John. It begins vrith aQ account of the 
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dili^reat hocks which compose the Old Tesisuneat, ajid^ 
as the author oonsid^rs Daniel to be the most distinct 
in the order of time, and the easiest to be undevstood, 
he makes him the king to all the prophetic books in 
those matters which relate to the last time. He next 
considers the figuratiTO language of the prophets, which 
be regaris as taken ^^from the anak>gy between the 
w(«ld natural) and an empire or kingdom considered 
ae^ a woM^ political;" the heavens, and ih& things 
thM^'^ny the inferioB people ; and the lowest parts of 
tho earth the m^st miserable of the- people. The sua 
is put tor the whole race of kings, the mooa for the 
body* of thQ common people, and the stars for subor^ 
donate princes and rulers. In the earth, Ijie dry land 
and the watevs are put for the people of sevend na* 
tions. Animals and vegetables are also put for the 
people of several regions. When a beast or man is 
put for a kingdom, his parts and qualities are put for 
the analogous parts and qualities of the kindom ; and 
when a man is taken in a mystical sense^ his qualities 
are often signified by his actions, and by l^e circum- 
stances and things about him. In applpng these 
principles he commences with the vision of the image 
con^sed of four differ^it metals. This image he con- 
siders as representing a body of four great nations 
which should reign in succession over the earth, viz., 
the people of Babylonia, the Persians, the Greeks, and 
the Romans, while the stone cut out without hands is 
a n^ kingdom which should arise after the four, coa- 
quer all ihose nations, become very great, and con^ 
tinue to the end of time. 

The vision of the four beasts is the prophecy of^the 
four empires repeated, with several new editions* The 
lion with eagle's wings was the kingdom of Babylon 
and Media, which overthrew the Assyrian power. 
The beast like a bear was the Persian empire, and. its 
three ribs were the kingdoms of Sardis, Babylon, and 
Egypt. The third beast, like a leopard was the Greek 
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emptfe, and its four heads and four wings were th^ 
kingdoms of Cassander, Lysimachns, Ptolemy, zad, 
and Seleacns. The fourth beast, with its great iron 
teetb was the Boman empire, and its ten horns wef0 
Ohe ten kingdoms into which it was broken in tibe reign 
of Theodosius the Great. 

In the fifth chapter the author treats of the king, 
doins represented by the feet of the image composed of 
ifon and cla^ which did not stick to one another, ani 
wlodi were of different strength. These were th« 
Gothic tribes called Ostrogoths, Visigoths, Yandah^ 
Gepidae, Lombards, Borgnndians, Alans, &c., all of 
whom had the same manners and customs, and spoke 
the same language, and who, about 416 years before 
Christ, were all quietly settled in several kingdoms 
within the empire, not only by conquest, but by grants 
of the Emperor. * 

In the sixth chapter Sir Isaac treats of the ten king^ 
d(»ns represented by the ten horns of the fourth beast^ 
into which the western empire became divided about . 
the time when Rome was besieged and taken by the 
CMhs. These kingdoms were 

1. The kingdom of the Yandals and Alans in Spain 
and Africa. 

2. The kingdom of Suevians in Spain. 
S, The kingdom of the Visigoths. 

4. The kingdom of the Alans in Gaul. 

5. The kingdom of the Burgundians. 

6. The kingdom of the Franks. 

7. The kingdom of the Britons. 

8. The kingdom of the Huns. 

9. The kingdom of the Lombards. 
10. The kingdom of Ra'venna. 

Some of these kingdoms at length fell and new 
ones sprung up ; but whatever was their subsequent 
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number, they still retain the name of the ten kings 
from their first number. 

The eleventh horn of Daniel's fourth beast is shown 
in the seventh chapter to be the Church of Rome in its 
triple character of a seer, a prophet, and a king, and 
its power to change times and laws is copiously iUns* 
trated in the eighth chapter. 

In the ninth chapter our author treats of the king- 
dom represented in Daniel by the ram and the he* 
goat, the ram indicating the kingdom of the Medea 
and Persians from the beginning of the four empires, 
and the he-goat the kingdom of the Greeks to the end 
of them. 

The prophecy of the seventy weeks, which had 
hitherto been restricted to the first coming of our Sist- 
viour, is shown to be a prediction of all the main 
periods relating to the coming of the Messiah, the 
times of his birth and death, the time of his rejection 
by the Jews, the duration of the Jewish war, by 
which he caused the city and sanctuary to be de- 
stroyed, and the time of his second coming. 

In the eleventh chapter our author treats, with. 
great sagacity and acuteness, of the time of our Sa- 
viour s birtll^ and passion — a subject which had ex- 
ceedingly perplexed all preceding commentators. 

After explaining in the twelfth chapter the last 
prophecy of Daniel, viz., that of the scripture of truth, 
which he considers as a commentary on the vision of 
the ram and he-goat, he proceeds in the thirteenth 
chapter to the prophecy of the king who did according 
to his will, and magnified himself above every s;od, 
and honoured Mahuzzims, and regarded not the desire 
of women. He shows that the Greek empire, after 
the division of the Roman empire into the Greek and 
Latin empires, became the king who in matters of 
religion did according to his will, and in legislation 
exalted and magnified himself above every god. 

In the second part of the work on the Apocalypse of 
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St John, Sir Isaac treats, Ist, of the time when the 

Cphecy was written, which he conceives to have 
n during John s e:dle in Patmos, and before the 
epistles to the Hebrews and to Peter were composed, 
which in his opinion have a reference to the Apoca- 
lypse ; 2ndly, of the scene of the vision, and the reve- 
lation which the Apocalypse has to the book of the 
law of Moses and to the worship of God in the temple; 
and, 3rdly, of the relation which the Apocalypse has 
to the prophecies of Daniel, and of the subject of the 
prophecy itself. 

Sir Isaac Newton regards the prophecies of the Old 
and New Testament not as given to gratify men*s 
curiosity, by enabling them to foreknow things, bnt 
that, after they were fulfilled, they might be inter- 
preted by the event, and afford convincing arguments 
that the world is governed by Providence. He con- 
siders that there is so much of this prophecy already 
fulfilled, as to afford to the diligent student sufficient 
instances of God's Providence; and he adds, that 
^'amongst the interpreters of the last age there is 
scarce one of note who hath not made some disco- 
very worth knowing, and thence it seems one may 
gather that God is about opening these mysteries. 
The success of others put me upon considering it, and 
if I have done anything which may be useful to fol- 
lowing writers, I have my design." 

Such is a brief abstract of this truly valuable and 
ingenious work, which is characterised throughout by 
great learning, and marked with the sagacity of its 
distinguished author. Tlie same qualities of his gifted 
mind are equally conspicuous in his '' Historical 
Account of Two Notable Corruptions of Scripture." 

This praiseworthy treatise relates to two texts in 
the Epistles of St. John and St. Paul. The first of 
these' is in 1 John v. 7 : — *' For there are three that 
bear record in heaven, the Father, the Son, and the 
fioly Ghost, and these three are one." This text he 
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^ODBiders as a gross corroptioii of Scripture, iviiich 
had its origin among the Latins, who interpreted the 
Spirit, Water, and Blood, to be Father, Son, and Holy 
Ghost, in order to prove them one. With the same 
Tiew Jerome inserted the Trinity- in express words m 
his verdon. The Latins marked his variations In the 
margins of their books ; and in the twelfth and fol» 
lowing centnries, when the dentations of the school^ 
men were at their height, the variation began to cree|> 
into the text in transcribing. Afber the invention of 
printing, it crept out of the Latin into the printed 
Greek, contrary to the authority of all the Greek 
manuscripts and ancient versions; and &om the 
Yenetian press it went soon after to Greece. After 
proving these positions, Sir Isaac gives the followHig 
paraphrase of this remarkable passage : — 

" ' Who is he that overcometh the world, bat he 
that believeth that Jesus is the Son of God,' that Son 
spoken of in the Psalms, where he saith, ' then aart 
my Son, this day have I begotten thee.' ' This is he 
that,' after the Jews had long expected him, caine, 
first in a mortal body, bi/ baptism of water^ and then 
in an immortal one, by shedding his blood upon the 
cross and rising again from the dead ; ^ not by water 
only, but by water and blood ;' being the Son of God 
as weU by his resurrection from the dead (Acts xiii. 33) 
as by his supernatural birth of the virgin (Luke i. 35). 
*And it is the Spirit* also thaty together with the 
water and blood, ' beareth witness' to the truth of hia 
coming ; ' because the Spirit is truth ;' and so a fit 
and unexceptionable witness, 'For there are three 
that bear record' of his coming ; ' the Spirit,' which 
he promised to send, and which was since shed forth 
npon us in the form of cloven tongues, and in various 
gifts ; ' the' baptism of ' water,' wherein God testified 

* this is my beloved Son ;' * and the' shedding of his 

* blood,' accompanied with his resurrection, whereby 
he became the most faithful martyr, or witness, of thfe 
tmth. ^And these three,' the Spirit, the baptism. 
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a&dpaaaieB ef Ohrigl^ ^ agree in' mtnessiag ^ one' and 
the same thing, (namely, that the Son of God is 
come ;) and therefore their evidence is strong : for the 
law requires but two consenting witnesses, and here 
we have three : ^ and if we receive the witness of men^' 
the threefold ^ witness of God/ which he bare of his 
iSoD, by declaring at his baptism, ^ this is my beloved 
Som; by raising him from the dead, and by pourii^ 
out his Spirit on us, ^is greater/ and, therefore, ought 
to be more readily received." 

While the Latin Church wias corrupting the pre^ 
oeding text, the Ghreek Church was doing the same to 
St. Paul's 1st Epistle to Timothy, iii. 16—*^ Great is 
the Mystezy of Godliness, God manifest in the Flesh." 
According to Sir Isaac, after proving by a learned and 
ing^ous examination of ancient' manuscripts that this 
has been altered from the original, he concludes that 
the reading should be, " Great is the Mystery of God- 
liness, who (nam^y, our Saviour) was manifest in the 
flesh." 

As this ingenious dissertation had the effect of de- 
pnvii^ the zealous defenders of the doctrine of the 
Trinity of the aid of two leading texts. Sir Isaac 
Newton has been regarded as an Anti-trinitarian ; 
but such a conclusion is not warranted by anything 
he has published. Even Mr. Biot has remarked, 
*' that there is absolutely nothing in the writings of 
Newton to justify, or even to authorise, the idea that 
he was an Anti-trinitarian." Sir Isaac himself dis- 
tinctly warns his readers, that his object was solely to 
** purge the truth of things spurious." For our own 
part, we are disposed to think that he declares his 
belief in the doctrine of the Trinity, when he says, 
'^ In the eastern nations, and for a long time in the 
western, the faith subsisted without this text ; and it 
is rather a danger to religion, than an advantage to 
make it now lean upon a bruised reed. There cannot 
be better service done to the truth, than to purge it 
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of things spurious; and, therefore, knowing f&or { 
prudence and calmness of temper, I am confident I j 
shall not offend yon by telling you my mind plaiidy; 
especially since it is no article of faith, no p(Mnt of | 
discipline, nothing but a criticism concerning a tart J 
of scripture which I am going to write about." Tka ^ 
word faiih in this passage cannot mean faith in the 
scriptures in genersd, but faith in the particular doc* 
trine of the Trinity ; for it is this article of faith only 
to which Sir Isaac refers, when he deprecates «/» 
leaning on a bruised reed. But whateyer may be the 
meaning of this passage, we know that Newton 
greatly offended Mr. Whiston for having represented 
him as an Arian ; and so much did he resent the con* 
duct of his friend in ascribing to him heretical opinionar^ 
that he prevented him from being elected a Fdlow 
of the Royal Society while he was President. 

The only other religious works which were oom« 
posed by Sir Isaac Newton were his " Lexiecm Pro- 
pheticum," to which was added a Dissertation on the 
sacred cubit of the Jews, and " Four Letters ad- 
dressed to Dr. Bentley, containing some arguments in 
proof of a Deity." 

The Lexicon Propheticum was left incomplete, and 
has never been published ; but the Latin Dissertation 
which was appended to it, was published in 1737, 
among the Miscellaneous Works of Mr. John Greaves* 
In this treatise he jproves that the ancient cubit vvas 
about twenty-six and a half Roman uncias. 

Upon the death of the Honourable Robert Boyle, 
on the 30th December, 1691, it was found by a 
codicil to his will, that he had left the sum of £50 
per annum for the purpose of establishing a lecture- 
ship, in which eight discourses were to be preadied 
annually in one of the churches of the metropolis, in 
illustration of the evidences of Christianity, and in 
opposition to the wide-spreading principles of infi- 
delity. Dr. Bentley, though at that time a very 
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yottng man, was appointed to preach tlie first course 
of sermons; and the manner in which he discharged 
this important duty gave the highest satis&ction, not 
only to the trustees of the lectureship, but to the pub- 
lic in general. In the first six lectures the Doetor 
exposed the foUy of atheism even in reference to the 
present life, and deriyed powerful arguments for the 
existence of a Supreme Being from the faculties of the 
soul, and the structure and functions of the human 
frame. In order to complete his plan, he proposed to 
deTOte his seventh and eighth lectures to the demon- 
stration of a divine Providence from the physical con- 
stitution of the universe, as established in the Principia. 
In order to qualify himself for this task, he received 
from Newton written directions respecting a list of 
books necessary to be perused previous to the study 
of that work ; and having made himself master of the 
system which it contained, he applied it with irre- 
sistible force of argument to establish the existence of 
an overruling mind. Previous to the publication of 
these lectures, Bentley encountered a difficulty which 
he was not able to solve, and he prudently transmitted 
to Sir Isaac during 1692 a series of queries on the 
subject. This difficulty occurred in an argument 
urged by Lucretius, to prove the eternity of the world 
&om a hypothesis of deriving the frame of it by 
mechanical principles from matter endowed with an 
innate power of gravity, and evenly scattered through- 
out the heavens. Sir Isaac with great pleasure 
entered upon the consideration of the subject, and re- 
turned his seutiments to Dr. Bentley in the four 
letters which we have already noticed in the preceding 
chapter. J 

In the first of these letters, dated December 10th, 
1692, Sir Isaac mentions that when he wrote his 
treatise about our system, namely, the Third Book of 
the Principia, " he had an eye upon such principles 
as might work vrith considering men for the belief 
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of a imty^ and he ezpviBSBed his happineeB that it has 
been knid nsefol for that purpose. In answexn^ iixe 
fint query ef Dr. Benileyy the exact imp(»ii of whidk 
we do not know, he states that if matter were evenly 
difinsed through a finite iqpace, and endowed with 
innate gravity, it would fiedl down into the middle of 
tira space, and form one great sphesical mass ; hut if 
it were difiused through an infinite space, some of it 
woald collect into one mass, and some into another^ 
so as to form an infinite nnrnher of great masses. In 
this manner the sun and stars might be fonned if ^hte 
Hwtter were of a lucid nature. But he thinks it iii-^ 
explicable by natural causes, and to be ascribed to the 
counsel and contrivance of a voluntary agent, that the 
matter should divide itself into two sorts, p«ct of it 
oomposing a shining body like the sun, and part an 
qwque lx)dy like the planets. Had a natund and 
bund cause, without continuance and design, placed 
tiie earth in the centre of the moon's cnrbit, and 
Jupiter in the centre of his system of satellites, and the 
son in the cenia^ of the planetary system, the sns 
would have been a body like Jupiter and the earth, 
that is without light and heat, and consequently he 
knows no reason ^j there is only one body qualified 
to give light and heat to all the rest, but because the 
author of the system thought it convenient, and be^ 
OBUse one was sufficient to warm and enlighten all tiie 
rest* 

. To the second query of Dr. Bentley he replies that 
the motions which the planets now have could not 
faring from any natural cause alone, but were im- 
pressed by an intelligent agent. '' To make such a 
system with all its motions, required a cause which 
understood, and compared together the quantities of 
matter in the several bodies of the sun and planetei, 
and the gravitating powers resulting from thence, the 
several distances of the primary planets from the Bvm^ 
and of the secondary ones from Saturn, Jupiter, and 
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the Eftrth, and &e Telodiias ^tb wiach tiiose plaamti 
omid revolve about tbose qoantities c£ matter m ti^ 
central bodies; and to compare and adjust afliliesa 
ibb^ togetber ia so great a variety of bodies, argoes 
tbat cause to be not blind and fortuitous, but very wdl 
skilled in mecbanics «id geometry." 

In thto second letter, 17tb Jan., 1 692-3, be admits that 
tbe spberical mass foimed by tbe aggr^tion of tbe par^ 
tides would effect tbe figore of tbs s|mce in vdiidi the 
matter was difinsed, provided ibe matter descends di- 
rectly downwards to tbat body, and the body has b» 
dinmal rotations; bat be states that by eaiihqnaikies 
loosening tbe parts of this solid, the protnbenmce 
might smk a little by tbe weight, and tbe mass by de» 
grees appoach a sperical figure. He then proceeds to 
conreet an error of Dr. Bentley's in supposing tbat aH 
in^nites are equal. He admits tbat gravity mig^ put 
the planets in motion, but he matntams that, witikoot 
&B Divine power, it could never give them such a cir- 
onlating motion as they have about the son, becanse a 
proper quantity of a transverse motion is necessary for 
tills purpose ; and he concludes tbat be is compelled 
to ascribe the frame of this system to an inteUigoni 
agent. 

The third letter contains^ opinions confirming or cor* 
rectiiig sev^id positions which Dr. Bentley bad hod 
down, and be concludes it vnth a curious examination 
of the opinion of Plato, that tbe motion of tbe planets 
is such as if they had all been created by God in some 
region very remote from our system, and let &11 from 
thence towards the sun, their falling motion being 
tamed aside into a traverse one whenever they amved 
at their several orbits. Sir Isaac shows that there is 
no common place such as that conjectured by Plato, 
provided the gravitating pov^r of ^e sun remains 
constant ; but tbat Plato's affirmation is true if wb 
snppose the gravitating power of tbe sun to be dou- 
Ued at that moment of time when they all arrive at 
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tbeir several orbits. ^< If we suppose," he says, ^^ the 
graTity of all the planets towards the sun to be of such 
a quantity as it really is, and that the motions of the 
pilots are turned upwards, every planet will ase^dd 
to twice its height from the sun. Saturn^ will ascend 
till he be twice as high from the sun as he is at pre- < 
sent, and no higher; Jupiter will ascend as high agun 
as he is at present, that is, a little above the orb of 
Saturn; Mercury will ascend to twice his present 
height, that is, to the orb of. Venus ; and so of the rest ; 
and then, by falling down again from the places to 
which they ascended, they will arise again at their se- 
veral orbs with the same velocities they had at first, 
and with which they now revolve. 

^' But if so soon as their motions by which th^ re- 
volve are turned upwards, the gravitating power of 
the sun, by which their descent is perpetually retarded, 
be diminished by one half, they will now ascend per- 
petually, and all of them, at all equal distances from 
the sun, will be equally swift. Mercury, when he ar- 
rives at the orb of Venus, will be as swift as Venus ; 
and he and Venus, when they arrive at the orb of the 
•earth, and so of the rest. If they begin all of them 
to ascend at once, and ascend in the same line, they 
will consequently, in ascending, become nearer and 
nearer together, and their motions will constantly ap- 
proach to an equality, and become at length slower 
than any motion assignable. Suppose, therefore, that 
they ascended till they were almost contiguous, and 
their motions inconsiderably little, and that all their 
motions were at the same moment of time, turned 
back again, or, which comes almost to the same thing, 
that they were only deprived of their motions, and 
let fall at that time, they would all at once arrive at 
their several orbs, each with the vdocity 4t had at 
first ; and if their motions were then tumnUddeways, 
and at the same time the gravitating |#ver of the 
^uu doubled, that it might be strong enough to retain 
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them in tbeir orbs, they would reyolve in them as be- 
fore their ascent. But if the gravitating power of the 
sun was not doubled, they would go away from tbeir 
orbs into the highest heavens in parabolicid lines." 

In the fourth letter, he states that the hypothesis 
.that matter is at first evenly difiiised through the 
universe, is in his opinion inconsistent with the hypo- 
thesis of innate gravity without a supernatural power 
to reconcile them, } and therefore it infers a Deity ; 
** For if there be innate gravity," he says, " it is im- 
possibfe now for the matter of the earth and all the 
planets and stars to fly up from them, and become 
evenly spread throughout all the heavens without a 
supernatural power." 

These letters, of which we have endeavoured to give 
a brief summary, will repay the most attentive perusal 
by the philosopher as well as the divine. They ar^ 
vnritten with much perspicuity of language, and great 
power of thought, and they contain results which in- 
contestibly prove that their author was fully master of 
his noblest feculties, and comprehended the profoundest 
parts of his own writings. 

The logical acuteness, the varied erudition, and the 
absolute freedom from all prejudice which shine 
throughout the theological writings of Newton, might 
have protected them from the charge of having been 
written in his old age, and at a time when a failure of 
mind was supposed to have unfitted him for his mathe- 
matical studies. But it is fortunate for his reputation, 
as well as for the interests of Christianity, that we 
have been able to prove the falsity of such base insinua- 
tions, and to produce the most undoubted evidence that 
all the theological writings of Newton were composed 
when hjkoental powers were in their greatest vigour, 
and bei^Lthe crisis of that bodily indisposition which 
IB suppdH^^ some to have affected his reason. The 
able lettlHBpr. Bentley were even written in l^e 
middle of wH period wheu want of sleep and appetite 
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htd distarbed the saeesaty of his nuad, wMc^ » a 
snfioeat proof thai tiiifl distarbaaoe nev«r affeded tke 
hi gher fimctioBS of his imdeEBtuidiiig. 

vHiffli a nund of ^xeat snd aolmowledged pointer 
ixst difeets its raflrgtes to the study of tl^ mateiiat 
wnYerae, no indacatmer of oeder attract his ziotice, aocl 
AO pn>(^ of dosign eall fiovth Im admsralioD. In the 
ftmj fixmaiDent he aewno bodies cf stnpendons mag- 
nknde, and no distances <tf immeasuiaUe span. The 
two great bmiinaries appeaiF vastly inferior in magni- 
tttde to many objects aromid laisk, and the greatest 
distances in the heay^as seem even inferior to those 
which his own eye can embrace on the soxfiMse of ilie 
earth. The planets, when observed with care, are 
aeen to have a motion among the fixed stars, and to, 
vary in their magnitude and distances, bnt these 
dianges appear to follow no law. Sometimes they 
ini>v6 to the east, sometimes to the west, sometimes 
towards the north, and sometimes towards the south, 
and at other times they are absolutely stationary. No 
Intern, in short, appears, and no general law seems 
to direct their motions. By the observations and in- 
quiries of astronomers, however, during successive 
ages, a regular system has been recognised in this 
<£aos of moving bodies, and the magnitudes, distances, 
and revolution of every planet which composes it has 
been determined with the most extraordinary accuracy. 
Minds £tted and prepared for this species of inquiry 
are capable of understanding the great variety of evi- 
dence by which the truth of the planetary system is 
established ; but thousands of individuals, who are 
evw distinguished in other branches of knowle^, are 
iaeapable of such researches, and view with a sceptical 
eye the great and irrefiagable truths of astronomy. 

That the sun is stationary in the centre of our 
system — that the earth moves round the sun, and 
round its own axis — ^that the earth is eight thousand 
miles in diameter, and the sun one hundred and ten 
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Hmw^tm large; that the eadik'9 orUt is one hmidsefi 
and ninety millions of miles in breadth ; and that ifi 
this immense space were Med with light, it would 
aj^pwr onlj like a Inminoos point at the nearest fizoi 
£ita>— ai'e positions absolutely unintelligible and in«> 
(srodihle to aU who have not carefully studied the sub* 
jeot. To millions of mankand, then, the Great Bo^ 
ci liiature is absolutely soded, though it is in thi9 
power of all to unfold its pages, and to peruse those» 
glowing passages which proclaim the power saaA 
wisdom of its j^Jmighty Author. 

The Book of Bevelation exhibits to us the same, 
peculiarities as that of Nature. To the ordinary eye 
it presents no immediate indication of its diyine 
oKigin^ Events apparently ins^nifieant — supernatural 
interferences seemingly unnecessary — doctrines ahnost. 
contradictory— and prophecies nearly unintelligible of 
moral and physical evil — ^the prediction of a Messiah 
>^he actual advent of our Saviour — ^his in3truction-—i 
his miracles — his death—- his resurrection — and the 
subsequent propagation of his rdigion by the un* 
lettered fishermen of Galilee, are each a stumbling- 
block to the wisdom of this world. The youthful 
and vigorous mind when first called upon to peruse 
the sacred writings, turns from them with disappoint- 
ment. It recognizes in them no profound sciance — ^no 
secular wisdom — ^no divine eloquence— no disclosure of 
Nature's secrets — ^no direct impress of an Almighty 
hand. Bnt though the system of revealed trutili 
which this book contains is like that of the universe 
concealed from common observation, yet the labours 
of centuries have established- its divine origin, and de- 
veloped in all its order and beauty the great plan of 
human restoration. In the chaos of its incidents, we 
discover the whole history of our species, whether it is 
delineated in events that are past, or shadowed forth 
in those which are to come, — ^fromthe creation ofmaa 
aad the origiii of evil, to the extinction of his earthly 
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Ajnsaity^ and tbe commencement of hia immoital 
career. 

The antiquity and authenticity of the books which 
oomprise the sacred canon — ^the fulfilment of its pro* 
phecies — ^the miraculous works of its founder — hh 
death and resurrection, have been demonstrated to all 
who are capable of appreciating the force of historical 
evidence ; and in the poetical and prose writings of 
the inspired authors, we discover a system of doctrine, 
and a code of morality traced in characters as distinct 
and legible as the most unerring truths in the mate- 
rial world. False systems of religion have indeed 
been deduced from the Scriptures, as false systems of 
the universe have sprung from the study of the Book 
of Nature ; but the very prevalence of a fidse system 
proves the exbtence of one that is true ; and though 
the two classes of facts necessarily depend on different 
kinds of evidence, yet we have no hesitation in saying 
that the Copemican system is not more demonstrably 
true than the system of theological truth contained in 
the Bible. If men of high powers, then, are still found, 
who are insensible to the evidence which sustains the 
system of the universe, need we wonder that there are 
others whose minds are shut against the clear evi«* 
dence which entrenches the strongholds of our faith. 

If such, then, is the character of the Christian 
faith, we need not be surprised that it was embraced 
and expounded by such a genius as Sir Isaac Nev?toD. 
Cherishing its doctrines, and leaning on its promises, 
he felt it his duty, as it was his pleasure, to apply t/or 
it that intellectual strength which had successfully 
surmounted the difficulties of the material universe. 
The fame which that success procured him, he could 
not but feel to be the breath of popular applause 
which administered only to his personal feelings ; but 
the investigation of the sacred mysteries, while it pre- 
pared his own mind for its final destiny, was calcu* 
lated to promote the spiritual interests of millions* 
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Xhis noble impulse he did not hesitate to obey, and by 
thus uniting philosophy with religion, he dissolTedthe 
kague which genius had formed with scepticism, and 
added to the host of witnesses the brightest name of 
abcient or modem times. 

Having thus given an account of the principal 
kbours of Sir Isaac Newton, we consider it our 
duty to notice several of his minor discoveries and 
inventions, which could not properly be introduced 
eaxUer. 

The most important of these, perhaps, are his 
chemical researches, which he seems to have pursued 
with more or less diligence from the time when he 
£rst witnessed the practical operations of chemistry 
during his residence at the apothecary's at Grantham* 
His ^t chemical experiments were, in all likelihood^ 
made on the alloys of metals, for the purpose of 
obtaining a good metallic composition for tiie specula 
of reflecting telescopes. In his paper on thin plates, 
be treats of the combination of solids and fluids ; but 
be Miters more largely on these and other subjects in 
the queries published at the end of his Optics. 

One of his most important chemical treatises is his 
Tctbula quantitaium et graduvm ccdorisj which was 
published in the Philosophical Transactions. This 
short paper contains a comparative scale of tempera- 
ture from that of melting ice to that of a small kitchen 
coal Are. The following are the principal points of 
the scale, the intermedmte degrees of heat having 
been determined with great care. 



Degseet 


Equal Parte 


t>fheat. 


ofkeaU 










Freezing point of waUr. 


1 


12 


Blood heat. 


2 


24 


Heat of melting wax. 


S 


48 


Melting point of equal parts of tin and bisjnutlu 


4 


96 


MelUttg point of lead. 


5 


19t 


Heat of a small coat fire. 
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The £xttt oolimm of tins table eoBtains the degrees 
#f heBt in ^hmetical prog ression ; and the seeond 
DOBtatns ilie decrees oi heat in geometrical progres- 
sloB, ^e seoond degree being twice as great as 1^ 
first, and so on. It is obvious from the above table^ 
tiiat the beat at vehich equal parts of tin and bismuth 
mAi is four times greater than that of blood heat, the 
heat of melting lead eight times greater ; and the heat 
of a small coal fire sixteen times greater. 

This table was constructed by the help of a ther- 
mometer, and of red hot iron. By the former he 
BieaBored all heats as &r as that of melting tin ; and 
hy the latter he measured all the higher heats. For 
the heat which heated iron loses in a given time is as 
Ute total neat of the iron; and therefore, if the times of 
cooling are taken equal, the heats will be in a geome- 
trical progression, and may therefore be easily formed 
hy a table of logarithms. 

He found by a thermometer constructed with lin- 
seed oil, that if the oil, when the thermometer was 
]^btoed in mating snow, occupied a space of 1000 
parts, the same oil, rarefied with one degree of heat, 
or i&at of the human body, occupied a space of 10,256 ; 
la the heat of water beginning to boil, a space of 
10,T05; in the heat of water boiling violently, 
10,725 ; in the heat of melted tin beginning to cool^ 
and putting on the consistency of an amalgam 11,516, 
and when the tin had become solid 11,496. Hence 
the oil was rarefied in the ratio of 40 to 39 by the 
heat of the human body; of 15 to 14 by the heat of 
boiling water ; of 15 to 13 in the heat of melting tin 
beginning to solidify ; and of 23 to 20 in the same 
tin'when solid. The rare&ction of air was with the 
same heat, ten times greater than that of oil ; and the 
zaiefaction of oil fifteen times greater than that of 
spirit of wine. By making the heat of oil propor- 
tioned to its rare&ction, and by calling the heat of the 
human body 12 parts, we obtain the heat of water 
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lAgmniag to boil, 33 ; of water boiliDg ydoLmtijy 34 ; 
of melted tin beginning to solidly, 72 ; and <^ the 
tame become soli^ 70. 

Sir Isaac then heated a sufficiently thick piece of 
inm till it was red hot; and haying fixed it in a 
cold j^ce, when the whid blew nniibxmly, he put 
upon it small pieces of different metals and other fosi*- 
ble bodies, and noted the times <^ cooling, till all the 
particles having lost their fluidity grew eold, and die 
bflttt of the iron was equal to that of iiie human body. 
Then, by assuming that the excesses of the heats of 
tibe iron and of the solidified particles of metal, aboTO 
Ibe heat of the atmosphere, were in geometrical pro- 
gressbn when the times were in arithmetical progres- 
skm, all the heats were obtained. The iron was placed 
ia a current of air, in order that the air heated by the 
xroa might always be carried away by the wind, and 
that cold air might replace it with a uniform motion ; 
for thus equal parts of the air were heated in equal 
times, and received a heat proportional to that of the 
iroD. But the heats thus found had the same ratio to 
ime another with the heats found by the thermometar ; 
aad h^ce he was right in assuming, that the rare&c- 
tions of the oil were proportional to its heats. 

Another short chemical treatise by Sir Isaac Newton 
has been published by Dr. H(asley. It is entitled 
*^ De Natura Acidomm," but is principally occupied 
with a number of brief opinions on chemical subjects. 
This paper was written hA&e than 1687, as it bears a 
reference to the '^ Principia ;" and the most important 
AictR which it contains seems to have been more dis- 
tinctly reproduced in the queries at the end of the 
Optics. 

The most important of these queries relate to fire, 
Aune, and electric attractions, and as they were re- 
-vised in the year 1716 > and 1717, they may be re- 
garded as containing the most matured opinions of 
iheir author. Fire he r^ards as a body heated so hot 
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as to emit light copiously, and flame as a vapour, Idme, 
or exhalation, heated so hot as to shine. In his long 
query on elective attractions he considers the smali 
particles of bodies as acting upon one another at dis- 
tances so minute as to escape observation. When i^ 
of tartar deliquesces, he supposes that this arises from, 
an attraction between the saline particles and the 
aqueous particles held in solution in the atmosphere, 
and to the same attraction he ascribes it that the water 
will not distil from the salt of tartar without great 
heat. For the same reason sulphuric acid attracts 
water powerfully, and parts with it with great diffi- 
culty. "When this attractive force becomes very 
powerful, as in the union between sulphuric acid and 
water, ^o as to make the particles "coalesce with 
violence," and rush towards one another with an ac- 
celerated motion, heat is produced by the mixture of 
the two fluids. In like manner, he explains the pro- 
duction of flame from the mixture of cold fluids — ^the 
action of fulminating powders, — ^the combination of 
iron filings with sulphur, — ^and all the other chemical 
phenomena of precipitation, combination, solution, and 
crystallization, and the mechanical phenomena of cohe- 
sion and capillary attraction. He ascribes hot springs, 
volcanoes, fire-damps, mineral coruscations, earth- 
quakes, hot sufibcating exhalations, hurricanes, light- 
ning, thunder, fiery meteors, subterraneous explosionsr, 
land-slips, ebullitions of the sea, and water-spouts, to 
sulphureous steams abounding in the bowels of the 
earth, and fermenting with minerals, or escaping into 
the atmosphere, when they ferment with acid vapours 
£tted to promote fermentation. 

In explaining the structure of solid bodies, Sir Isaac 
is of opinion " that the smallest particles of matter 
may cohere by the strongest attractions and compose 
bigger particles whose virtue is still weaker ; and so 
on for divers successions, until the progression ends in 
the biggest particles on which the operations in 
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chemistry, and the colours of natural bodies, depend, 
and which, by adhering, compose bodies of a sensible 
magnitude. If the body is compact, and bends or pelds 
inward to pression, without any sliding of its parts, it is 
hard and elastic, returning to its figure with a force ris- 
ing from the mutual attraction of its parts. If the parts 
slide upon one another, the body is malleable or soft. 
If they slip easily, and are of a fit size to be agitated 
by heat, and the heat is big enough to keep them in 
agitation, the body is fluid ; and if it be apt to stick 
to things, it is humid ; and the drops of every fluid 
affect a round figure by the mutual attraction of their 
parts, as the globe of the earth and sea affects a round 
figure, by the mutual attraction of its parts by 
gravity." 

Sir Isaac then supposes that, as the attractive force 
of bodies can but reach to a small distance from 
them, " a repulsive virtue ought to succeed ;" and he 
considers such a virtue as followiug the reflexion of 
the rays of light, the rays being repelled by the im- 
mediate contact of the reflecting body, and also from 
the emission of light, the ray, as soon as it is shaken 
oft from a shining body by the vibrating motion of the 
parts of the body getting beyond the reach of attrac- 
tion, and being driven away with exceeding great 
velocity by the force of reflexion. 

Many of the chemical views which Newton thus 
published in the form of- queries, were illustrated and 
confirmed by Stephen Hall, in his book on " Vegetable 
Statics," a work which contains the germ of some of 
the most valuable discoveries in modern chemistry. 

Although there is little reason to suppose that Sir 
Isaac Newton was a behever in the doctrines of 
alchemy, yet we are informed, by the Rev. Mr. Law, 
that he had heen a diligent student of Jacob Behmen s 
writings, and that there were found amoug his papers 
copious extracts from them. He also states that Sir 
Isaac, together with Dr. Newton, his relation, in the 
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eftriier part of his life, set up furnaces, and were for 
serenil months in quest of the philosopher's tincture. 

Sir Isaac communicated to the Royal Society a 
paper entitled, '^ An Hypothesis explaining properties 
of Light," in which he, for the first time, introduces bis 
opinions respecting ether, and employs them to ex- 
plain the nature of light and the cause ci gravity. — 
^ He was induced to do this," he says, " iScause he 
had obserred the heads of some great virtuosos to ran 
much upon hypotheses, and he therefere gave one 
which he was obliged to' consider as the most probable, 
if he were inclined to adopt one. 

This hypothesis seems to have been afterwazds a 
subject of discussion between him and Mr. Boyle, to 
whom he promised to communicate his opinion more 
fully in writing. He accordingly addressed to him a 
long letter, in which he explains his views respecting 
ether, and employs them to au;count for the refraction 
of light — ^the cohesion of two polished pieces of metal 
in an exhausted receiver — ^the adhesion of quicksnlvec 
to glass tubes — ^the coheaon of the parts of all bodies 
-—the cause of filtration — the phenomena of capillary 
attraction — the action of menstrua on bodies — tho 
transmatation of gross compact substances into aerial 
0Bes — and the cause of gravity. From the language 
used in this paper, we should be led to suppose that 
Newton had entirely forgotten that he had fcnrmerly 
treated the general subject of ether, and appHed ii to 
the explanation of gravity. ^ I shall set down," he 
says, ^' one conjecture more which came into my mind 
now as I was writing this letter ; it is about the cause 
of gravity," which he goes on to explain ; and he con- 
eludes by sapng that ^'' he has so little faoktj to things 
of this nature, that, had not your encouragement 
moved me to it, I should never, I think, tlius far have 
set pen to paper about them." 

These opinions, however, about the existeice of 
ethor, Newton seems to have subsequently foaouaced; 
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ior in the manuscript, which we mentioned ahready 
as being in the possession of Pr. J. C. Gregoij^ 
which was written previous to 1702, he states, thai 
«ther is neither obvious to our senses, nor supported 
by any argument, but is a gratuitous assumptioa^ 
which, if we are to trust to reason and to our sensesi, 
must be banished from the nature (A things ; and he 
goes (m to establish, by various arguments, the validity 
of this opinion. This renunciation of his former hype*> 
thesis probably arose from his having examined more 
carefully some of the phenomena which he encteai- 
Toured to explain by it. Those of capillary attraction, 
&r example, he had ascribed to the other ^' stan^g 
rarer in the very sensible cavities of the capillary 
tubes than without them;" whereas he afterwards 
discovered their true cause, and ascribed them to the 
leciproeal attraction of the tube and the fluid. But, 
Iiowever, this may be, there can be no doubt that he 
ceaumed his early opinitHis before the publication of his 
^^ Optics," which may be considered as c(8itaining his 
views upon this subject. 

The queries which contain these opinions are the 
I8U19 — 24th, all of which af^ared U>r the first time in 
ihe second English edition of the Optics. If a bodj 
i» either heated or loses it heat whcoi placed in vacno^ 
lie ascribes the conveyance of heat in both cases ^' to 
the vibration of a much subtiler medium than vx^' 
and he considers this medium as the same with that 
by which light is refracted and reflected, and by whoio 
iFibrations hght communicates heat to bodies and is 
put into fits of easy reflexion and transmission. 

This etiiereal medium, according to Sir Isaac, is ex- 
ceedingly more rare and more elastic than air. It 
pervades all bodies, and is expanded through all the 
Iieavens. It is much rarer within the dense bodies of 
ihe sun, stars, planets, and comets, than in the celea- 
iial spaces between thmn, and also more rare within 
t^ftsBf wat^, &c., than in the free and op^i sg^oefi 
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Toid of air and other grosser bodies. In paasmg out 
of glass, water, &Xi,^ and other dense bodies, into 
empty space, it grows denser and denser by degrees^ 
and this gradual condensation extends to some distance 
^m the bodies. Owing to its great elasticity, and, 
consequently its efiPorts to spread in all directions, it 
presses against itself^ and, consequently, against the 
solid particles of bodies, so as to make them con* 
tinually approach one another, the body being impelled 
from the denser parts of the medium towards the rarer 
^th all that power which we call gravity. 

In employing this medium to explain the nature of 
light, Newton does not suppose that light is nothing 
more than the impression of those undulations on the 
Tetina. He regards light as a peculiar substance com- 
posed of heterogeneous particles thrown oflP with 
great Telocity, and in all directions, from luminous 
Bodies; and he supposes that these particles while 
'_ passing through the ether excite in it vibrations or 
pulses which accelerate or retard the particles of light, 
' and thus throw them into their alternate fits of easy 
-reflexion and transmission. 

Hence, if a ray of light falls upon a transparent 
body, in which the ether consists of strata of variable 
density, the particles of light acted upon by the 
vibrations which they create will be urged with an 
accelerated velocity in entering the body, while their 
Telocity will be retarded in quitting it. In this man* 
ner he conceives the phenomena of refraction to be 
produced, and he shows how in such a case the re- 
fraction would be regulated by the law of the sines. 

In order that the ethereal medium may produce the 
£ts of easy reflexion and transmission, he conceives 
that its vibrations must be swifter than light. He 
computes its elasticity to be four hundred and ninety 
billion times greater than that of air in proportion ta 
its density, and about six hundred million times 
more rare than water, from which he infers that the 
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resistance whfth it would oppose to the motion of the 
planets wonld not bb sensihle ya. ten thousand years. 
fie considers that the fanctioni^ of vision and hearing 
may he performed chiefly hy the vibrations of this 
medium, executed in the bottom of the eye, or in the 
auditory nerve by the rays of light, and propagated 
through the solid, pellucid, and uniform c^pillamenta 
of the optic or auditory nerves into the place of sensa- 
tion ; and he is of opinion that animal motion may be 
performed by the vibrations of the same medium^ 
excited in the brain by the power of the will, and 
propagated from thence by the solid, pellucid, and 
nniform capillamenta of the nerves into the muscles 
for contracting and dilating them. 

In the registers of the Eoyal Society there exist seve* 
ral letters on the excitation of electricity, which were 
occasioned by an experiment of this kind having been 
mentioned in Sir Isaac's hypothesis of light. The 
Society had ordered the experiment to be tried at their 
meeting on the 16th December, 1675 ; but in order to 
secure its success, Mr. Oldenburg, the secretary wrote 
to Newton for a more particular account of it. Sir Isaac 
being ^^ thus put upon recollecting himself a little br- 
iber about it," remembers that he made the experi* 
mentwith a glass fixed at the distance of one third of 
an inch from one end of a brass hoop, and only one- 
^ghth of an inch from the other. Small pieces of thin 
paper were then laid upon the table ; when the glass 
was laid above them and rubbed, the pieces of paper 
leapt from one part of the glass to the other, and 
twirled about in the air. Notwithstanding the expli- 
cit account of the experiment, it entirely failed at the 
Boyal Society, and the secretary was desired to re- 
quest the loan of Sir Isaac's apparatus, and to inquire 
whether or not he had secured the papers from being 
removed by the air, which might have somewhere got 
in. Sir Isaac, in his answer, recommended to the So- 
ciety to rub the glass " with stuff whose threads may 
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• 
iftke its saifiice, and, if thai will not do,*to rob it wHit 
tke fingers' ends to and £ro, and liSiodk them as oflte 
npcn the glass." Tb& direcfcioBS enabled the Societjr 
lo suoeeed with the expeziment, by using a scrubln^g 
brash of hog's bristles, aad the hdp of a knife made 
with whalebone. 

Among the minor inventioBS of 8ir Isaac Newton, 
we must not omit his reflecting instrument foreb^ 
serving the moons distance firom the fixed stars at 
sea. The description of tlus instrument was connm- 
flkatedbyDr. Halley, in the year 1700; but, other 
irom hairing mislaid the manuscript, or from attan^iiag 
■0 Taloe to the inTentkm, he did mat communicate it 
to the Royal Society, and it rcsoaxned among his p^qpsBi 
t^ alter his death, in the year 1742, when it was 
pnUished in the Philosophical Transactions. 

^ By this iaslmmeBt," says Sir Isaac, '^ the dan 
tsDce of the moon from any fixed star is thus obserrvd : 
<*— ^w the star through tiie perspieil by the dired 
Ugfat, and the moon by the reflexed, (or on the eon- 
tary) ; and tutor the index tiH the star toudi tite 
limb of the moon, and the iwbx sliaitt show on tka 
Inass limb of the instnment the distance of the ster 
from the moon's limb; and ikon^ the iDstrunant 
shake by the motion of the i^ip at sea, yet the uhmii 
and star will shake together as if they did realty 
toieh one another in i&e hearens ; so thiii an oboBP* 
nation may be made as exactly at sea as at land. 

*< And by the same instrumei]^ may be obserred 
exactly the altitudes of the moon and stars, by hnmg^ 
ing them to the hariyxm ; and thereby the latitade and 
times of observation may be determined more exactiy 
than by the ways now in use. 

*^ In the tin^ of the obserratien if the instraBsent 
Siore angularly abvut the axis of the telescope^ the 
«tar will move in a tai^nt of the moon's limb er of 
the horizon ; bnt the obserration may, notwiihstan^ 
t^g, be made exactly by noting when the line, da» 
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scribed hj tk# star, isi a tangent to tiie aidon'a lioib 
or to the horizon, 

^' To make the instrument useful, the telescope ouffhi 
to take in a large angle ; and, to inake the o)>seryatioil 
true, let the star touch the moon's limb, not on the 
outside, but on the inside." 

This ingenious contrivance is obviously the same in- 
vention as that which Mr, Hadley produced in ITdl, 
and which, under the name of Hadley*s Quadraniy 
kas been of so great service in navigation. The ra^ril 
•I its first invention nmst therefore be transferred to 
Sir Isaac Newtcm.* 

In the year 1872, Newton communicated to Oldeo* 
burg his design £or a microscope, which he considevei 
to be as capable of improvement as the telescope, and 
y^haps more so, because it requires only one speKOr- 
Inm ; and in another letter to i^e same gentleman, in 
the same year, he suggests another improvement ia 
nBoevoscopes^ which is to ^' illuminate the object m t 
likened room with the light <^ any comemtmi ce^ 
Imr not too much comEpounded, for by tiMA 
Bieans the micro8c<^ wfll, with distinctaefls^. bear m 
deepor charge and larger wpertxae^ espedially if ite 
eoBstruction be such as I may hereafter descaribe^ 

Among the minor and detached labours oi I& Isaac 
Newton, we must mention his curious ezperunents on 
the action of light upon the retina. Locke seems te 
bave willed lus opinion respecting a liiet stilled is 
Boyle's Book on Ck^urs, and in a letter from Cain- 
bridge, dated January dOth, 16^1, he commuineated 
to hu friend the following Yeaty remarkable obsdrvfl- 
tions made by himself: — 

" The observa^on you mentiiHt in Mr. BoyWe 
Book of Colours, I once made upon myself with the 
liaaard of my eyes. The manner was this : — ^I looked 
a very little while upon the sun in the looking-^aas 
with my right eye, and then turned my eyes intoa 
dark eomer of my chamber and wudced to obesrve 
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the impression made, and the circles of Colours 'wbicb 
encompassed it, and how they decayed by degrees, 
and at last vanished. This I repeated a second and a 
third timeu At the third time when I saw the phaur 
iasm of light and colours about it were almost yanished, 
intending my fancy upon them to see their last appear*- 
ance, I found to my amazement that they began to 
return, and by little and little become as lively and 
vivid as when I had newly looked upon the sun. But 
when I ceased to intend my fancy upon them, they 
vanished again. After this I found, that, as oftea 
as I went into the dark, and intencted my mind upon 
them, as when a man looks earnestly to see anything 
which is difficult to be seen, I could make the phan- 
tasm return without looking any more upon the sun ; 
and the oftener I made it return, the more easily I 
could make it return again. And at length, by re- 
peating this without looking any more upon the sun, 
I made such an impression on my eye that if I looked 
• upon the clouds, or a book, or any bright object, I 
saw upon it a round bright spot of light Hke the sun, 
and which is still stranger, though I looked upon the 
sun with my right eye only, and not with my left, 
yet my fancy began to make an impression upon my 
left eye, as well as upon my right. For if I shut my 
right eye or looked upoii a book or the ^jlouds with 
my left eye I could see the spectrum of the sun almost 
as plain as with my right eye, if I did but intend my 
&ncy a little while upon it ; for at first, if I shut 
my right eye, and looked with my left, the spectrum 
of the sun did not appear till I intended my fancy 
upon it ; but by repeating, this appeared more easily. 
And now, in a few hours time, I had brought my 
eyes to such pass, that I could look upon no bright 
object with either eye but I saw the sun before me, 
so that I durst neither write nor read ; but to recover 
the use of my eyes, shut myself up i^Q my chamber 
made dark, for three days together, and used aH 
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taieans to divert my imagination from the sun. For if 
I thought upon him I presently saw his picture, 
though I was in the dark. But hy keeping in the 
dark and employing my mind ahout other things, I 
began in three or four days to have some use q{ my 
eyes again ; and hy forhearing to look upon bright 
objects recovered them pretty well, though not so well 
but that for some months after the spectrum of the 
sun beg^n to return as often as I began to meditate 
upon the phenomenas even though I lay in bed at 
midnight with my curtains drawn. But now I have 
been very well for many years, though I am apt to 
think, if I durst venture my eyes, I could stiU make 
thejphantasm return by the power of my fancy. This 
story I tell you to let you understand, that in the 
observations related by Mr. Boyle, the man's &ncy 
* probably concurred with the impression made by the 
sun s light, to produce that plantasm of the sun which 
he constantly saw in bright objects. And so your 
question about the cause of this phantasm involves 
another about the power of fancy which, I must ccm- 
fess, is too hard a knot for me to untie. To place 
this effect in a constant motion is hard ; because the 
sun ought then to appear perpetually. It seems 
rather to consist in a disposition of the sensorum to 
move the imagination strongly, and to be easily moved 
both by imagination and by the light, as often as 
bright objects are looked upon." 

These observations possess in many respects a high 
degree of interest. The fact of the transmission of 
the impression from the retina of the one eye to that 
of the other, is particularly important; audit deserves 
to be remarked as a singular coincidence that Dr. 
Brewster had occasion to observe, and to describe the 
same phenomena long before the observations of Sir 
Isaac were communicated to the scientific world. 
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CHAPTER VIIL 

Jkvtftt't aoauAKiteMe with Dr. Pemberton, who edits the tfaiidedltim 
of Ibe " PiiflcipiA." Sir Isaac's first attack of iU health. His teea- 
-wttf* Is again taken 111. His death. His Funeral. A medal 
•tmekiBlioaoiarafhfni. DiriAmor hisprapttty. PenaaneMeof 
]te«rton*s reputation. Cliaracter of his Genius. His social character* 
Simplidty of his character. Religious and moral character. Hospt- 
tiOi^ and mode of life. His absence. Personal appearance. Memo- 



Amom the yetn 1722, Newioii« was desiroas of pub- 
liflUag a thiid editioB oi his PrmdpiA, and th« pne- 
mtiue death of Mr. Cotee, who had saperiiiteiided* 
the aeoond edition, haying depiiyed him of hk Tain- 
able aasistaiice, he was fortunate enou^ to beoome 
BoqUuainted witii Dr. Pemberfcon, a yonng and aocom- 
pltthed phjsician, who had cultiyated math^natical 
learning with considerable snocesa. M. Poleni, an 
cmiment Professor in the univarsity of Padua, havii^ 
aideavonred, on the authoritj of a new experiment, 
to overturn the common opinion respecting the foKce 
of bodies in motion, and to establish that of Leibnits 
in its place. Dr. Peinberton transmitted to Dr. Mead, 
a demonstration of its inaccuracy. Dr. Mead c<Mn- 
municated this paper to Sir Isaac, who not only 
highly ^proved of it, but added a demonstration <2r 
his own, drawn from another consideration of the 
subject ; and this was printed without his name, as a 
postscript to Pemberton's paper, when it appeared in 
the Philosophical Transactions in 1722. 

In a short time after the commencement of their 
acquaintance, Sir Isaac engaged Dr. Pemberton to 
superintend the new edition of the Principia. In 
discharging this duty the doctor had occasion to make 
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muxy nmaxks on tbie woik, iPvMch the anHior aLws^ 
zeoeived with the utmost good-nature, aad llie tldrd 
edition appeared witii nnmerous alterations in 172l^» 
On the occasions upon which Femberton had personal 
fBtercourse with Sir Isaac, and which were necessarfly 
snmerous, he «QdeaTo<u«d to ieam his opiim>ns tm 
various luatheniatical subjects, and to obtain some 
historical information respecting his inrentions and 
diSGOVieries. Sir Isaac entered fredy into all these 
topics; and dnrh^ tiie ooarersatioiis whidi took 
place, and while tiiey w^re reading tc^ether Dr. Pem* 
hertons popular aoooust of Sir Isaac's discoymes, he 
obtained the most satis^ftctoiy endeoce, that thoi^ 
has memory was much decayed, yet he was fully able 
to understand his own writings. 

During the last twenty years of Newton's Bfe, 
which he spent in London, tiie charge of his domesde 
ctmcems devolved upon his beautifal and accomplished 
Bieoe, Mrs. Catherine Barton, the widow of Colonel 
Barton, for whom, as we already observed, the Ead 
of Halifax had conceived Ihe warmest affection. 
This lady, who had been educated at the expense of 
her uncle, married Mr. Conduit, and continued to 
xeside with her husband in Sir Isaac's house till the 
ikne of his death. 

In the year 1722, when he had reached the 
ei^itieth year of his age, he was seixed with an incon- 
tinence of urine, which was ascribed to stone in the 
bladder, and was considered incurable. By means of 
a strict regime, however, and other precautions, he 
was enabled to alleviate Ids complaint, and to procure 
long ptervals of ease. At this time, he gave up the 
use of his carriage, and always went out in a chair. 
He declined all invitations to dinner, and at his own 
house he had only small parties. In his diet he was 
extremely temperate. Though he took a little but- 
cher's meat, yet the princapal articles of his i^d were 
broth, vegetables, and fruity of which he always ate 
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veiy heartily. In spite of all his precautions, how- 
ever, he experienced a return of his old complaint, 
and in August, 1724, he passed a stone, the size of an 
ordinary pea, which came away in two pieces, the one 
at the distance of two days from the other. After 
some months of tolerahle good health, he was smed 
in January, 1725, with a violent cough and inflam- 
mation of the lungs; and, in consequence of this 
attack, he was prevailed upon with some difficulty, 
to take up his residence at Kendngton, where his 
health experienced a decided improvement. In 
February, 1725, he was attacked in both his feet, 
with a fit of the gout, of which he had felt slight 
symptoms a few years before, and the efFect of this 
new complaint was to produce a great and beneficial 
change in his general health. On the 7th of March, 
when his head was clearer and his memory stronger 
than his nephew had known it for a long time, he 
entered into a long conversation on various subjects, 
particularly in astronomy. He^ explained to Mr. 
Conduit how comets might be formed out of the light 
of vapours discharged from the sun, and the fixed 
stars as the centres of systems. He conceived that 
these luminaries were replemshed by the same comets 
being again returned to them ; and upon this prin- 
ciple he explained the extraordinary lights which 
were seen amons the fixed stars by Hipparchos, 
Tycho, Brahe, and Kepler s disciples, and which he 
supposed to arise from the additional fuel which they 
received. 

We hesee give this conversation as originally copied 
from Mr. Conduit's handwriting. It is entitled 

^'A remarkable and curious conversation between 
Sir Isaac Newton and Mr. Conduit. 

" I TOs on Sunday night, the 7ih of March, 1724-5, 
at Kensington, with Sir Isaac Newton, in his lodgings, 
just after he was come out of a fit of the gout, which 
he had had in both his feet^ for the first time in the 
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eighty-third year of his age. He was better after it, 
and his head clearer, and memory stronger, than I had 
known them for some time. He then repeated to me. 
by way of discourse, very distinctly, thongh rather in 
answer to my queries than in one continued narration, 
what he had often hinted to me before, viz., that it 
was his conjecture (he would affirm nothing,) that 
there was a sort of revolution in the heavenly bodies ; 
that the vapours and light omitted by the sun, which 
had their sediment «as water, and other matter had 
gathered themselves by degrees into a body and at- 
tracted more matter from the planets, and at last 
made a secondary planet (viz. one of those that go 
round another planet) and then by gathering to them, 
and attracting more matter, became a primary planet ; 
and then by increasing still became a comet, which 
after several revolutions, by coming nearer and nearer 
to the sun, had all its volatile parts condensed, and 
became a matter fit to recruit and replenish the sun 
(which must waste by the constant heat and light it 
emitted) as a faggot would this fire if put into it, 
(we were sitting by a wood fire) and that that would 
probably be the effect of the comet of 1680, sooner or 
later, for, by the observations made upon it, it ap- 
peared, before it came near the sun, with a tail only 
two or three degrees long ; but by the heat it con- 
tracted in going so near the sun, it seemed to have a 
tail of thirty or forty degrees when it went from it ; 
that he could not say when this comet would drop 
into the sun ; it might perhaps have five or six revo- 
lutions more first, but whenever it did, it would so 
much increase the heat of the sun that this earth 
would be burnt, and no animals could live. That he 
took the three phenomena seen by Hipparchus, Tycho 
Brahe, and Kepler's disciples to have been of this 
kind, for he could not otherwise account for an ex- 
traordinary light as those were, appearing all at once 
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among the fixed stars (all which he took to be suns en- 

S^htening other planets as our sun does ours) as big as 
ercury mr Yenos seems to us, and gradually dmii* 
lushing for nxteen months, and then sinking into 
nothing. He seemed to doubt whethw there woe 
not intelligent beings sapm<»r to us who saperintended 
these revohitions oi the heavenly bodies by the direo* 
tion of the Supreme Being. He appeared also to be 
very cleurly of opinion that the inhabitaiits of tlua 
world were of a short date, and alleged as one reason 
for that opinion, that all arte, as letters, ships, print- 
ing, needle^ <&e., were discovered with in the memory 
of history, which could not have haf^ned if the 
worid had been eternal ; and that there were visible 
marks of nun upon it which could not be efiected by 
a iood only. 

^^ When I asked him how this earth could have 
been re*peopled if ever it had undergone the same fote 
it was threatened with hereafter by the comet of 1680, 
he answered, that required the power of a Creat(»r. 
He said he took aQ ike planets to be composed of the 
same matter with this earth, viz., ear<^ water, stonee^ 
4;c., but variously concocted. 

^^ I asked him why he would not publish his con- 
jectures as conjectures, and instanced that Kepler had 
communicated his ; and though he had nqt gone near 
80 far as Kepler, yet Kepler s guesses were so just 
and hampy, that they had been proved and demon- 
strated by him." 

** His answer was, ^ I do not deal in conjectures.' '* 

^^ But upon my talking to him about the four ob- • 
servations that had been made of the comet of UBOy 
at 574 years' distance, and asking him the'partionlar 
times, he opened his ^ Principia' which laid on the 
table, and shewed me the particular periods, viz., lst» 
the Julium Sidus, in the time of JustimaH, in 1106^ 
and in 1680." 

^^ And I, observing that he said there of that comet 
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< inddet in corpus splis/ and in the next paragrapk 
adds, ' stellce &xjbs refici possurit/ told him I thouAt 
he awned there what we had been talking abont, viz;, 
that the comet would drop into the sun, and that fixed 
stais wefe recruited and replenished by c(»nets when 
ihey dropt into them, and, consequently, that the son 
veald be recruited too ; and asked him why he woald 
not own as freely what he thought of the son as well 
as what he thought of the fixed stans." 

^ He said, ^ that concerned us more ;' and laughing, 
added, ^ihat he had said enough for people to know 
his meaning/" 

.Notwithstanding the improvement which his health 
had experienced, his indisposition was stil^ sufficiently 
serere to prevent him £rom discharging his duties it 
the Mint ; and, as his deputy was at the same time 
eoiifiaed with the dropsy, he was dedrous, in 1725, of 
leagmog his office in &vour of Mr. Conduit. Diffi^ 
enltoes were probably experienced in making this 
aoangement, but his nephew discharged for lum all 
the duties of his office ; and during the last year of 
his life he hardly ever went to the Mint. 

But, though every kind of motion was calculated to 
aggravate his complaint, and though he had derived 
from absolute rest, and from the air at Kensington, 
the highest benefit, yet great difficulty was experienced 
in preventing him from occasionally going to town. 
FfidiBg homself able for the journey, he went to 
London on Tuesday, the 28th of February, 1727, to 
preside at a meeting of the Eoyal Society. On the 
lidlowing day Mr. Conduit considered him better than 
he had h&eax for many years, and Sir Isaac was hixn^ 
self BO seosibk of tins improvement in his health, that 
be asBored his nephew, that on the Sunday preceding 
he had slept from eleven o'clock at night till eight 
a'dock next morning without waking. He had unde»* 
gone great &t^e, however, in attending the meetiag 
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^f 'the Royal Society, and in paying and receiving 
Tisits, and the consequence of this was a violent return 
of his former complaint. He returned to Kensingtoil 
on Saturday, the 4th of March, and was attended by 
Dr. Mead and Dr. Cheselden, who pronounced his 
^disease to be stone, and held out no hopes of his re- 
covery. From the time of his last journey to London 
lie had experienced violent fits of pain with very short 
intermissions; and though the drops of sweat run 
jdown his face during these severe paroxysms, yet he 
never uttered a cry or a complaint, or displayed the 
least marks of peevishness or impatience ; but during 
the short intervals of relief which occurred, he smiled 
and conversed with his usual gaiety and cheerfulness. 
On "Wednesday, the 15th of March, he seemed a little 
better; and slight, though groundless, hopes were ^ 
entertained of his recovery. On the moriiing of Satur- 
day, the 18th, he read the newspapers, and carried on 
a pretty long conversation with Dr. Mead, when all 
his senses and faculties were strong and vigorous ; but 
at six o'clock of the same evening he became insensible-, 
and he continued in that state during the whole of 
Sunday, and till Monday the 20th, when he expired ,^ 
between one and two o'clock in the morning, in the . 
eighty-fifth year of his age. i 

His remains were removed to London, and on Tues- . . 
day, the 28th of March, they lay in state in the Jeru- 
salem Chambers, and were thence conveyed to West- 
minster Abbey, where they were buried near the ^ 
entrance into the choir on the left hand. The pall i 
was supported by the Lord High Chancellor, the ^ 
Dukes of Roxburgh and Montrose, and the Earls of 
Pembroke, Sussex, and Macclesfield, who were Fellows 
of the Royal Society. The Honourable Sir Michael 
Newton, Knight of the Bath, was chief mourner, and 
was followed by some other relations, and several dis- 
tinguished characters who had been intimately ac- 
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quainted vrlth the deceased. The funeral service was 
performed by the Bishop of Rochester, attended by 
the prebend and choir. " ^ ^ 

Sensible of the high honour which they derived 
from their connection with so distinguished a philoso- 
pher, the relations of Sir Isaac Newton who inherited 
his personal estate, agreed to devote £500 to the 
erection of a monument to his memory, and the Dean 
and Chapter of Westminster appropriated for it a place 
in the most conspicuous part of the Abbey, which had 
been frequently refused to the greatest of the English 
nobility. This monument was erected in 1731. On 
the front of a sarcophagus resting on a pedestal, are 
sculptured, in basso-relievo, youths bearing in their 
tands the emblems of Sir Isaac's principal discoveries. 
One carries a prism, another a reflecting telescope, a 
third is weighing the sun and planets with a steel- 
yard, a fourth is employed about a furnace, and two 
others are loaded with money newly coined. On the 
fiarcophagus is placed the figure of Sir Isaac, in a re- 
cumbent position, vrith his elbow resting on several of 
his works. Two youths stand before him with a 
Bcroll, on which is drawn a remarkable diagram rela- 
tive to the solar system, and above that is a converging 
series. Behind the sarcophagus is a pyramid, from 
the middle of which rises a globe in mezzo-relievo, 
upon which several of the constellations are drawn, in 
order to show the path of the comet of 1681, whose 
period Sir Isaac had determined, and also the position 
of the solstitial colure mentioned by Hipparchus, and 
by means of which Sir Isaac had, in his Chronology^ 
fixed the time of the Argonautic expedition. A figure* 
of Astronomy, as Queen of the Sciences, sits weeping 
on the globe, with a sceptre in her hand, and a star 
surmounts the summit of the ^pyramid. The follow- 
ing epitaph is inscribed on the monument : — 
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Hicsttnseft 

^ Qai animi vi prope divina 

Plaoetorum Motus, Figuras', 

Cometarum semitas, Oceanique iEitua, 

Sua Mathesi facem prefeiente» 

Primus demonstravit. 

Radiorum Lucis diuimilitudinM, 

Quas nemo antea yel suipicatus erat, pervestigavit; 

Naturs, Antiquitates, S. Scriptuffv, 

Sedulus, sagax, fidus Interpres, 

Dei Opt. Max. Mi^estatem philosophia asierust, 

Evangelii simplicitatem moribus expreadt. 

Libi gratulentur Mortales, tale tantumque extititief 

HUMANI GENBRrS DBCUS. 

Natns xxr. Decemb. mocxui. Obiit. zz. Mar. 

MOCCZZVIX. 

Of which the following is a literal tfinslation:— 

Here Ues 

Sir Isaac Newton, Knight, 

Who, by a vigour of mind almost supemataral, 

First demonstrated 

The Motions and Figures of the Planets, 

The Paths of the Comets, and the Tides of the Ocean. 

He diligently inyesUgated 

The diilferent refrangibilities of the Rays of Light, 

And the properties of the Colours to which they give rise. 

An assiduous. Sagacious, and Faithfkil Interpreter 

Of Nature, Antiquity, and the Holy Scriptures, 

He asserted in his Philosophy the Majesty of God, 

And exhibited in his conduct the simplicity of the GospeL 

Let Mortals rejoice 

That there has existed such and so great 

Ax OBNAMSRT OF HlTlIAN NATDBC 

Bom S5th December, 1642. Died 20th Maich^ 1727. 



In the begimung of 1731, a medal was struck at ^e 
Tower, in honour of Sir Isaac Newton. It had on 
one side the head of the philosopher, with the motto, 
" Felix cognoscere cansas," and on the reverse a figore 
representing the Mathematics. 

On ihe 4th Febraary, 1755, a magnificent fall- 
length statue of Sir Isaac Newton in white marble, 
was erected in the antechapel of Trinity College. Ho 
is represented standing on a pedestal in a loose gown^ 
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holding A prism, and looking upwards with an ex- 
pression of the deepest thought. On the pedestal is 
the following inscription : — ^ 

Qui genuB humanum ingenio superavit. 
Who BurpasBed aU men in genius. 

This statue, executed by Roubilliac, was erected 
at the expense of Dr. Robert Smith, the author of the 
"Compleat System of Optics,'* and Professor of 
Astronomy and Experimental Philosophy at Cam- 
bridge. — It has been thus described by a modem 
poet: — 

Hark I where the organ, full and clear. 
With loud hosannahs charms the ear ; 
Behold, a prism within his hands. 
Absorbed with thought great Newton stands ; 
Such was his brow and looks serene. 
His serious gait and musing mien. 
When taught on eagle wings to fly. 
He traced the wonders of the sky ; 
The chambers of the sun explored. 
Where tints of thousand hues were stored. 

Dr. Smith likewise bequeathed the sum of £500 
for executing a' painting on glass, for the window at 
the south end of Trinity CoUege, Cambridge. The 
subject represents the presentation of Sir Isaac New- 
ton to his Majesty, who is seated under a canopy with 
a laurel chaplet in his hand, and attended by the 
British Minerva, apparently advising him to reward 
merit in the person of the great philosopher. Below 
the throne, the Lord Chancellor Bacon is preparing to 
register the reward about to be conferred upon Sir 
Isaac. The (mginal drawing of this ridiculous pic* 
tore was executed by Cipriani, and cost one hundred 



The personal estate of Sir Isaac Newton, which was 
worth about £32,000, was divided among the eight 
grandchildren of his mother, by the Rev. Mr. Smith. 
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The family estates of Woolsthorpe and Sustem, he 
bequeathed to John Newton, the heir-at-law, whose 
great-grai^father was Sir Isaac's uncle. This gentle- 
maii does not appear to have placed any great value 
on the bequest, for, a few years afterwards, he sold 
them to Mr. Tumori of Stoke Rocheford. A short 
time before his death, Sir Isaac gave away an estate 
in Berkshire, to the sons and daughter of a brother of 
his niece, Mrs. Conduit, who, in consequence of their 
father dying before Sir Isaac, had no share in the per- 
sonal estate ; and he also gave an estate of the same 
value, which he purchased at Kensington, to Catherine, 
the only daughter of Mr. Conduit, who afterwards 
married Mr. Wallop, the eldest son of Lord Lyming- 
ton. Sir Isaac was succeeded as Master and Warden 
in the Mint by his nephew, John Conduit, Esq., who 
wrote a treatise on the gold and silver coin, and who 
died in 1737, leaving behind him his wife and daugh^ 
ter, the former of whom died in 1739, in the fifty-ninth 
year of her age. 

Such was the latter end of Sir Isaac Newton, and 
such were the laurels which were dedicated to his 
memory. Many discoveries have, since his day, been 
added to science ; but astonishing as these discoveries 
are, they have not obliterated the minutest of his 
labours, and have served only to brighten the halo 
which encircles his name. The achievements of 
genius, like the source from which they spring, are 
indestructible. Acts of legislation and deeds of war 
may confer a high celebrity, but the reputation which 
they bring is only local and transient ; and while they 
are hailed by the nation which they benefit, they are 
reprobated by the people whom they ruin or en^ave. 
The labours of science on the contrary bear along with 
them no counterpart of evil. They are the. liberal 
bequests of great minds to every individual of their 
race, and wherever they are welcomed and honoured, 
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they become the solace of priyate life, and tlie oma« 
ment and bulwark of the commonweaJth. 

The importance of Sir Isaac Newton's daecoveries 
has been sufficiently exhibited in the preceding pages. 
The pecoliar character of his genius, and the method 
which he pursued in his inquiries, can only be gathered 
from an attentive perusal of his works, and from the 
history of his individual labours. Were we to judge 
of the qualities of his mind from the early age at 
which he made his principal discoveries, and from the 
rapidity of their succession, we should be led to 
ascribe to him that quickness of penetration, and that 
exuberance of invention, which is more characteristic 
of poetical than philosophical genius. But we J&ost 
bear in mind that Newton was placed in the most 
favourable circumstances for the development of his 
powers. The flower of his youth, and the vigour of 
his manhood, were entirely devoted to science. No 
injudicious guardian controlled his ruling passion, and 
BO ungenial studies or professioi^al toils interrupted 
the continuity of his pursuits. His discoveries, there- 
fore, were the fruit of persevering and unbroken study ; 
and he himself declared, that whatever service he had 
done to the public was not owing to any extraordinary 
sagacity, but solely to industry and patient thought. 
• Initiated early into the abstractions of Geometry, 
he was deeply imbued with her cautious spirit ; and if 
his acquisitions were not made with the rapidity of in- 
tuition, they were at least firmly secured; and the 
grasp which he took of his subject was proportional 
to the mental labour which it had exhausted. Over- 
looking what was trivial, and separating what was 
extraneous, he bore down with instinctive sagacity on 
the prominences of his subject; and having thus 
grappled with its difficulties, he never failed to en- 
trench himself in its strongholds. 

To the highest powers of invention, Newton added 
what so seldom accompanies them — ^the talent of sim- 
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-ptiiyiBg and oommnmcating his profonndest specula- 
tions. This valuable &culty characterises all his 
-writings. In the economy of her distributions, Na- 
tore is seldom thus lavish of her intellectual gifts. — 
The inspired genius which creates is rarely conferred 
along with the matured judgment which combines ; 
and yet, without the exertion of both, the fabric <k 
human wisdom could never have been reared. Though 
a ray from heaven kindled the vestal fire, yet an 
humble priesthood ^was required to keep alive the 
flame. 

The method of investigating truth by observation 
and experiment, so successfully pursued in the Prin- 
dpia, has been ascribed by more than one modem 
writer of celebrity to Lord Bacon, and Sir Isaac 
Newton is represented as having owed all his disco- 
veries to the application of the principles of that dis- 
tinguished writer. One of the greatest admirers of 
I^cnrd Bacon has gone so far as to characterise him as 
a philosopher who has had no rival in the times which 
ace past, and as Kkely to have none in those which are 
to come. In a eulogy so overstrained as this, we feel 
tbai the language of paneg3nnc has passed into that of 
idelstry ; and we are desirous of weighing the fovoe 
of arguments which t^id to depose Newton from the 
high-f»iesthood of nature, and to unsettle the prcmd 
destinies of Copernicus, Galileo, and Kepler. 

That Bacon was a man of powerful genius, and en- 
dowed with varied and profound tfJent — -the most 
fiidlfiil logician — the most nervous and eloquent writer 
oi tibe age which he adorned, are points which we 
have not the hardihood to deny. The study of ancient 
s^rstems had eariy impressed him with the conviction 
ihsA experiment and observation were the only sure 
guides in physical inquiries ; and, ignorant though be 
was of the methods, the principles, and the details of 
the mathematical sciences, his ambition prompted him 
to aim at the construction c^. an artificial system hj 
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which the laws of natnre might be investigated, aasul 
which might direct the iaqmries (^ philosophera ia 
aUfdtnre ages. The necessity of experimental re* 
search, and of advancing gradually from the study of 
facts to the determination of their cause, though the 
grouBdw(»rk of Bacon's method, is a doctrine whidi 
was not only inculcated, but successfully followed by 
preceding philosophers. In a letter from Tycho Brahe 
to Kepler, this industrious astronomer urges his pupil 
^^to lay a solid foundation for his views by actual ob-^ 
servation, and then by ascending £rom these, to strire 
to reach the causes of things ;" and it was no doubt 
wider the influence of this advice that Kepler sub- 
mitted his wildest fancies to the test of observation, 
and was conducted to his most spl^idid discoveries. — 
The reasonings of Copernicus, who preceded Bacon by 
more than a century, were all founded upon the most 
legitimate induction. Dr. Gilbert had exhibited, in 
his treatise on the magnet, the most perfect specimens 
of physical research. Leonardo da Yinci had de- 
scribed, in the dearest manner, the proper method of 
philosophic investigation; and the whole scientific 
career of Galileo was one continued example of the 
most sagacious applieaticm of observation and experi- 
iBent to the discovery of general laws. The names 
of Paracelsus, Helmont, and Cardan have been ranged 
in oppoation to this host of great names ; and wlule 
it is admitted that even they had thrown off the yoke 
of the schods, and had succeeded in experimental re- 
search, their credulity and their pretensions have 
been adduced as a proof, that, to the greater number 
of philosophers, the method of induction was usr 
known. The fault of iMs argument consists in the 
conchision being infinitely more general than the £mbL 
Hie errors of the men were not founded on their ignCH 
xanfie, but on their presumpti<»i. They wanted ^kd 
, patience of philosophy, and not her methods. Aa 
excess of vanity, a waywardness of fjucy,* and an 
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insatiable appetite for that species of passing fame 
which is derived from eccentricity of opinion, moulded 
the reasonings and disfigured the writings of these inge- 
nious men ; and it can scarcely admit of a doubt, that, 
had they lived in the present age, their philosophical 
character would have reeived the same impress from 
the peculiarity of their tempers and dispositions,— 
This is an experiment, however, which it is impossible 
now to make; but the history of modern science 
supplies the d^ect, and the experience of every maa 
fomishes a proof that in the present age there are 
many philosophers of elevated talents and inventive 
genius, who are as impatient of experimental research 
as Paracelsus, as fia.nciful as Cardan, and as presump- 
tuous as Yan Helmont. 

Having thus shown that the distinguished philoso- 
phers, who flourished previous to the time of Bacon, 
were perfect masters both of the principles and prac- 
tice of inductive research, it becomes interesting to 
inquire whither or not the philosophers who suc- 
ceeded him acknowledged any obligation to his sys- 
tem, or derived the slightest advantage from his pre- 
cepts. If Bacon constructed a method to wliich 
modem science owes its existence, we shall find its 
cultivators gratefiil for the gift, and offering the richest 
incense at the shrine of a benefactor whose labours 
conducted them to immortality. No such testimonies, 
however, are to be found. Nearly two centuries 
have passed away, teeming with the richest fruits of 
human ingenuity, and no grateful disciple has made 
his appearance to vindicate the rights of the alleged 
legislator of science. Even Newton, who was bom 
and educated after the publication of the ''Novum 
Organon," never mentions the name of Bacon or his 
83rstem in any of his works; and the amiable and 
mdefatigable Boyle treated him with the same dis- 
respectful silence. When we are told, therefore, that 
Kewton owed all his discoveries to the method of 
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Bacon, nothing more can be meant than that he pr^ 
ceeded in that path of observation and experiment 
which had been so warmly recommended in the 
** Novum Organon ;" but it ought to have been added, 
that the same method had been used by his predeces- 
sors, — ^that Newton possessed no secret that had not 
been used by Galileo and Copernicus — and that he 
would have enriched science with the same splendid 
discoveries if the name and the writings of Bacon had 
never been heard of. 

From this view of the subject we shall now pro- 
ceed to examine the Baconian process itself, and con- 
sider if it possesses any merit as an artificial method 
of discovery, or if it is at all capable of being employed 
for this purpose even in the humblest walkB of scien- 
tific inquiry. 

The process of Lord Bacon was, we believe, never 
tried by any philosopher but himself. As the subject 
of its application he selected that of heat. With his 
usual erudition, he collected all the facts that science 
could supply, — ^he arranged them in tables — ^he cross- 
questioned them with all the sagacity of a special 
pleader,^ — ^he combined them with all the sagacity of a 
judge— and he conjured with them by all the magic 
of his exclusive processes. But, after aU this dispky 
of physical logic. Nature thus interrogated was stiU 
silent. The oracle, which he had himself established, 
refused to give his responses, and the ministering 
spirit was driven with discomfiture from his own 
shrine. This example, in short, of the application 
of his system, will remain to future ages as a memo- 
rable instance of the absurdity of attempting to fetter 
discovery by any artificial rules. 

Nothing, even in mathematical science, can be 
more certain than that a collection of scientific &cts 
are of themselves incapable of leading to discovery, 
or to the determination of general lav^rs, unless they 
contain the predominatbg fact or the relation in 
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wbich the discoyery mftiiilj resides. A yertical 
odamii ''of arch-stones possesses more strength tim 
iiie same materiab amuoged as an arch without tin 
fcqiHrtoDe. However ni^y they are arranged, and 
Iww ev e r nobly the arch may spring, it never can pbfr- 
8en dther eqniUhriam or stability. In this c(»npai!i-> 
aon all the &etB aie supposed to be necessary to tiie 
ftnl result ; but, in the indoetire method, it is isa- 
pessible to ascertain the relative importance of sny 
fitcts, or even to determine if the facts have any value 
at all, till tiie master fact which constitutes tiie dis- 
covery has crowned the aealous efforts of the aspoiitt 
pUlosopher. The mind then xetoms to the dark and 
banen waste over which it has been hovering ; and 
by the guidance of this single torch it embraces under 
the comprehensive grasp of general principlea, the 
mutti£uioi» and insidat^ phenomena which had for- 
laetly neith^ value n^ connection. Hence, it must 
be obvious to the most superficial thinker, that disco- 
vwy consists, either in the detection of some concealed 
relation— -some deepngeated affinity which baffles or- 
dinary research, or in the discovery of some simple 
fret which is connected by slender ramifications with 
the subject to be investigated ; but which, when once 
detected, carries us back by its divergence to all the 
phenomena which it embraces and ex^bons. 

In order to give additional support to these views, 
it would beinterosting to ascertain the general diarae- 
ter of the process by which a mind of acknowledged 
power actually proceeds in the path of successful in- 
quiry. Hie Ustory of science does not fiimieb vs 
with much infonnation on this head, and if it is to be 
found at all it must be gleaned from the biograjAiies 
of eminent men. Whatever 'this process may be in 
its details, if it has any, there cannot be the slsghtest 
donbt that in its generaiities at least it is the veiy ve- 
verse of the method of induction. The impatienoe of 
gwins q>um8 the restraints of mechsnical rules, and 
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never will subnut to the plodding dnic^eiy of indudiiv 
discipline. The discovery of a new fact unfits ermk a 
patient mind for deliberate inquiry. Conscious of 
having added to science what had escaped the sagadiiy 
of former ages, the ambitious spirit invests its aew 
acquisition with an importance whidi by no meaoB 
belongs to it. He imagines inuumenble benefits to 
follow &om his discovery, fie forms a thousand 
theories to. explain it, and he exhausts his &ncy in 
trying all its possible rdations to reoognised diflGiciikias 
and unexplained facts. The reins, however, thus fredy 
given to his imagination, are speedily drawn up. His 
wildest conceptions are all subjected to the nmd test 
of expmment, and he has l^us been hurried by Hm 
excursions of his own fancy into new and fertile patfai^ 
far removed from ordinary observation. Here the 
peculiar character of his own genius displays iisdif by 
the invention of methods of iacybig his own C9>eettla^ 
tions, and he is thus often led to new discoveries hat 
mote important and general than that by which fae 
began his inquiry. For a confirmation oi tiiese opi«* 
ni<»is, we may refer to the history of Kepler's Disco* 
veries ; and if we do not recognize them to the same 
extent in the labours of Newton, it is because he kept 
back his discoveries till they were neariy perfected, 
and therefore withheld from our knowledge the soc- 
cesrive steps of his inquiries. 

The social character of Newton was such as might 
have been expected from his intellectual attain- 
ments. He paid and received frequent visits, he as- 
sumed no superiority , in conversation ; he was candid, 
cheerful, and a£Eable ; his society was therefore mui^ 
sought, and he submitted to intrusions on his valusJds 
time without a murmur; but by early rising, and by 
a methodical distribution of his hours, he found leisuxe 
to study and compose, and every moment which he 
coiold command he passed with a pen in his hand and 
a book before him. He hadnoneof theecoentricitiei 
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of genius, but suited himself to every company, and 
always spoke of himself and others in such a manner 
that he was never suspected of vanity. Dr. Pember- 
ton remarks, " But this I immediately discovered in 
him, which at once both surprised and charmed me. 
Neither his extreme great age, nor his universal repu« 
tation, had rendered him stiff in opinion, or in any 
degree elated. Of this I had occasion to have almost \ 
daSy experience. The remarks I continually sent 
him by letters on the Principia were received with i 
the utmost goodness. These were so far from being 
any way displeasing to hiih, that on the contrary it ' 
occasioned him to speak many kind things of me to 
my friends, and to honour me with a public testimony i 
of his good opinion." 

The modesty of Sir Isaac Newton, in reference to ^ 
his great discoveries, was not founded on any indiffer- 
ence to the fame which they conferrted, or upon any 
erroneous judgment of their importance to, science. 
The whole of his life proves that he knew his place as 
a philosopher, and was ready to assert and vindicate 
his rights. His modesty arose from the depth and ex- 
tent of his knowledge, which showed him what a * 
small portion of nature he had been able to examine, 1 
and how much remained to be explored in the same 
field in which he had himself laboured. In the mag- 
nitude of the comparison he recognised his own little- 
ness ; and a short time before his death he uttered 
this memorable sentiment : — '' I do not know what I 
may appear to the world ; but to myself I seem J 
like a boyplajdng on the sea shore and diverting my- 
self in now and then finding a smoother pebble or a J 
prettier shell than ordinary, whilst the great 
ocean of truth lay undiscovered before me." What a i 
lesson to the vanity and presumption of philosophers 
—to those especially who have never once found the ! 
smoother pebble or the prettier shell ! What a pre- i 
paration for the latest inquiries And the last views of | 
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the decaying spirit, — ^for those inspired doctrines 
which alone can throw a light over the dark ocean of 
undiscovered truth ! 

The native simplicity of Sir Isaac Newton s mind 
is beautifully pourtrayed in the affecting letter to Mr. 
Locke, in which he acknowledges that he had thought 
and spoken of him uncharitably; and the humiUty 
and candour in which he asks the forgiveness of his 
friend, could only have emanated from a mind as 
noble as it was pure. 

In his religious and moral character there is much 
to admire and to imitate. While he exhibited in his 
life and writings an ardent regard for the general iiH 
terests of religion, he was at the same time a con- 
scientious believer in Revelation. He was too deeply 
versed in the sacred writings, and too much imbued 
with their spirit, to judge rashly of other men who 
took different views of them from himself. He 
cherished the great principles of religious toleration, 
and never hesitated to express his detestation of per- 
secution, even in its mildest form. Immorality and 
impiety he never permitted to pass without censure ; 
and whenever Dr. Halley, who was not over scru- 
pulous, ventured to say anything disrespectful of 
religion in his presence, he invariably checked him, 
and said, ^' I luive studied these things — you have 
not." . 

After Sir Isaac Newton took up his residence in 
the metropolis ; he lived in a very handsome style, 
and kept his carriage, with an establishment of three 
males and three female servants. In his own house! 
he gave splendid entertainments, though without 
ostentation or vanity. His own diet was frugal, and 
his dress was always plain, if we except one occasion, 
when he opposed Mr. Annesley in 1705, as a candidate 
for the university of Cambridge, when he dressed 
himself in a suit of laced clothes. 
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He was generous and charitable, one of his maxims 
being, ** that those who gare noting before death, 
never, in &ct gave at all" — a sentiment which on^ 
to &I1 as a solemn admonition on the ear of those 
miserable-minded men who bequeath their property 
for such a purpose as may purchase a posthumous 
dbaracter for philanthropy. Though his wealth bad 
become considerable by prudrat economy, yet he had 
always a contempt for money, and he spent a eon- 
siderable part of his income in relieving the poor-^in 
assisting his relations — and in encouraging ing^uity 
and learning. The sums which he gave to his rela- 
tions, at cufferent times, were enormous. James 
Hutton, Esq., of Pimlico, a gentleman of his mother's 
funily, informs us that ^^ he was very kind to all the 
Ayscoughs. To one he gave £800, to another jC200, 
and to a third £100, and many other sums ; and other 
engagements did he enter int(f also for them. He was 
the ready assistant of all who were any way related to 
him — ^to their children and grandchildren." But his 
generosity was not confined to his own relations. In 
1724, he wrote a letter to the Lord Provost of Edin- 
buigh, offering to contribute £20 per annum, to a 
provision for Mr. Maclaurin, provided he acccepted 
the situation of assistant to Mr. James Gregory, who 
was professor of mathematics in the university. 

The habits of deep meditation which Newton had 
acquired, though they did not show themselves in his 
ordinary intercourse with society, exercised their full 
influence over his mind when in the midst of his own 
family. Absorbed in thought he would ofben sit down 
on his bedside after he rose, and remain there for 
hours without dressing himself, occupied vdth some 
interesting investigation. Owing to tiie same absence 
of mind, he neglectecf to take the requisite quantity of 
nourishment, and it was therefore often necessary to 
remind him of his meals. The following anecdote is a 
proof of this. Dr. Stukely, his intimate friend, who 
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had been d^uty to Dr. Halley, as secretary to the 
Boyal Society, on visiti^ Sir Isaac one day, was 
lAiown into the dinins-roonf where his dinner had been 
for scmie time served up. The Doctor waited for a 
considerable time, and getting impatient, he removed 
the cover from a chicken, which he ate, replacing the 
bones under the cover. In a short time after 8ib* 
Isaac entered the room, and after the usual compli- 
ments sat down to his dinner ; but on taking off the 
eoYW, and seeing nothing but bones, he remarked, 
*^ How absent we philosophers are. I really thought 
that I had not dined." 

Sir Isaac Newton is supposed to have had but litlje 
knowledge of the world, and to have been yery igno- 
rant of the usages of society. This opinion has, we 
think, been rashly deduced from a letter which he 
wrote in the twenty-seventh year of his age to his 
young friend, Francis Aston, Esq., who was about to 
set out on his travels. This letter is a highly interest- 
ing production ; and while it shows much knowledge 
et the human heart, it throws a strong light upon the 
character and opinions of its author. 

" Trinity College* Cambridge* 
May 18th, 1669. 

"Sir, 

" Since in your letter you give me so much liberty 
of spending my judgment about what may be to your 
advantage in travelling, I shall do it more freely than 
perhaps otherwise have been decent. First, then, I 
will lay down some general rules, njost of which, I 
believe, you have considered already ; but, if any of 
them be new to you they may excuse the rest ; if none 
at all, yet is my punishment more in writing than yours 
in reading. 

"When you come into any fresh country, 1. Ob- 
serve their humours. 2. Suit your own carriage 
thereto, by which insinuation you will make their con- 
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Terse more free and open. 3. Let your discourae be 
more in queries and doubtin^s than peremptory asser- 
tions or disputings, it bein|plie design of travellers to 
learn, not to teach. Besides it will persuade your ac- 
quaintance that you have the greater esteem of them, 
and so make them more ready to communicate what 
they know to you ; whereas nothing sooner occasions 
disrespect and quarrels than peremptoriness. You 
will find little or no advantage in seeming wiser, or 
much more ignorant than your company. 4. Seldom 
discommend any thing though never so bad, or do it 
but moderately lest you be unexpectedly forced to an 
unhandsome retraction. It is safer to commend any 
thing more than it deserves, than to discommend a 
thing so mtlch as it deserves ; for commendations meet 
not so often with oppositions, or, at least, are not 
usually so ill resented by men that think otherwise as 
discommendations ; and you will insinuate into men's 
favour by nothing sooner than seeming to approve and 
commend what they like ; but beware of doing it by 
a comparison. 5. If you be affronted, it is better, in 
a foreign country, to pass it by in silence, and with a 
jest, though with som^ dishonour, than to endeavour 
to revenge ; for in the first case your credit is ne'er the 
worse when you return into England, or come into 
other company that have not heard of the quarrel. 
But, in the second case, you may bear the marks of 
the quarrel while you live, if you outlive it at all. 
But if you find yourself unavoidably^ngaged, 'tis best, 
I think, if you can command your passion and lan- 
guage, to keep them pretty evenly at some certain 
moderate pitch, not much heightening them to exas- 
perate your adversary, or provoke his friends, nor let- 
ting them grow over much dejected to make him in- 
sult. In a word, if you can keep reason above pas- 
sion, that and watchfulness will be your best defendants. 
To which purpose you may consider, that, though such 
excuses as this,-^He provoked me so much I could 
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not forbear, — ^may pass amongst friends, yet amongst 
strangers they are insignificant, and only argue a ixa- 
veller s weakness. • ' 

" To these I may add some general heads for in- 
quiries or observations, such as at present I can think 
on. As, 1. To observe the policies, wealth, and state 
affairs of nations, so far as a solitary traveller may 
conveniently do. 2. Their impositions upon all sorts 
of people, trades, or commodities that are remarkable. 
3. Their laws and customs, how far they differ from 
ours. 4. Their trades and arts, wherein they excel or 
come short of us in England. 5. Such fortifications 
as you shall meet with, their fashion, strength, and 
advantages for defence, and other such military aff^iirs 
as are considerable. 6. The power and respect be- 
longing to their degrees of nobility or magistracy. 
7. It will not be time mis-spent to make a catalogue 
of the names and excellencies of those men that are 
most wise, learned, or esteemed in any nation. 8. Ob- 
serve the merchandise and manner of guiding ships.. 
9. Observe the products of nature in several places, 
especially in mines, with the circumstances of mining, 
and of Extracting metals or minerals out of their ore, 
and of refining them ; and if you meet with any trans- 
mutations out of their own species into another, (as 
out of iron' into copper, out of any metal into (quick- 
silver, out of one salt into another, or into an insipid 
body, &c.) those, above all, will be worth jOT\t noting, 
being the most luciferous, and many times luciferous 
experiments, too, in philosophy. 10. The prices of 
diet and other things. 11. And the staple commo- 
dities of places. 

" These generals, (such as at present I could think 
of) if they will serve for nothing else, yet they may 
assist you in drawing up a model to regulate your 
travels by. As for particulars, these that follow are 
all that I can now think of, viz., Whether at Schem- 
nitium, in Hungary/ (where there are mines of gold, 
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copper, iron, yitriol, antimoiij, &o,) they cliange iroa 
into copper b j dissolying it in a vitriolate water, which 
they find in cayities of rotks in the mines, and then 
mditii^ the slimy solution in a strong five, which in 
the co(4ing pvoves copper. The like is said to be done 
in othei^plaoes, which I cannot now remember. Per- 
haps, too, it may be done in Italy. For about twenty 
or thirty years ago there was a certain vitriol came 
from thence, (called Boman yitriol) but of a nobler 
virtue than that which is now called by that name ; 
which vitri<d is not now to be gotten, because, per- 
haps, they make a better gain by some such trick as 
turning iron into copper with it than by selling it* 
2. Whether in Hungary, Sdavonia, Bohemia^ neav 
the town Eila, or at the mountains of Bohemia near 
^esia, thfire be rivers whose waters are impregnated 
with gold ; perhaps tiie gold being dissolved by lomB 
corrosive waters like aqua regis^ and tiie solution car- 
ried aloi^ with the stream that runs through the 
mines. And whether the practice of la3dng mortify 
in the rivers till it be tinged with gold, and thea 
straining the mercury through leather, that the gold 
may stay behind, be a secret yet, or openly practued. 
8. There is newly contrived, in Holland, a mill to 
grind glasses plane withal, and I think polishing them 
too. rerhaps it will be worth the while to see it. 

4. There is in Holland one Bony, who some 

years since was imprisoned by the Pope, to have 
extorted fiK>m him secrets (as I am tdd) of giMt 
worth, 'both as to medicine and profit, but he esoiped 
into Holland, where they have granted him a guards 
I think he usually goes clothed in green. Pray in* 
quire what you can of him, and whel£^ his ingenuity 
be any profit to the Dutch. You may inform your- 
self whether the Dutch have any tricks to keep their 
ships from being all worm-eaten in their voyages to 
the Indies. Whether pendulum clocks do any service 
in finding out the longitode, kc. 
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^^ I am very weaiy, and shall not stiqr to part with 
a long compliment) oidy I wish you a good journey, 
aad God be with yon. 

«Is. Nbwton." 

" Sir Isaac Newton's wonderfdl facnlties were Tery 
UMe knpured, eren in extreme old age ; Mid his cheer* 
fed disposition, combined with temperance and a con- 
«titation naturally sound, i^eserved him &om the 
usual infirmities of life. In his personal appearance 
he was of middle raze, with a figure inclining to plnmp- 
.fiass. According to Mr. Conduit, ^^he had a verf 
lively and piercing eye, a comely and gracious aspect 
^vkh a fine head of hair as white as silver, without 
•By baldness, and when his peruke was off was a 
v«tterable si^t." Bish<m Atterbuiy asserts, on the 
«^er hand, that the lively and piercing eye did not 
lidoi^ to Sir Isaac during the last twenty yean of 
Us lii^. He says, ^^ Indeed in the whole air of hHi 
ftee and make there was nothing of thai penetrating 
•igaeity which appears in his compomtions. He hal 
iKwaethmg rather languid in his look and manner, 
which did not raise any great expectation in those 
who did not know him." This epimon dL Ae Biehop 
IB C0nfimed by Ifr. Thomas Heame, who says ^ thai 
Sir Isaac was a man of no very promising aspect 
He was a short well-set man. He was full of thenght, 
and spoke very littiie in company, so tint his conver- 
astion was not agreeable. When he rode in his coadi, 
one arm would be out of his * coach on the one side^ 
and the other on the other." Sir Isaac's sight was 
preserved to the last, so that he never required spee- 
iades ; and he never *^ lost more than one tooth to the 
day of his death." The severe trial of this great 
man's bodily suffering was reserved for the last stage 
«f his existence, and he supported it with charac- 
teristic re6ignati<»i. 

Besides Ihe statue of Newton executed by BoubiDiae, 
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there is a bust of him by* the same artist in the 
Library . of Trinity College, Cambridge. Severa} 
good paintings of him are extant. Two of these are 
in the hsdl of the Royal Society of London, and have 
been often engraved. Another, by Yanderbank, is in 
the apartment of the Master s lodge in Trinity Col- 
lege, and has been engraved, by Vertue. Another, 
by Valentine Ritts, is in the landing-place near the 
entrance to Trinity College Library; but the best 
was painted by Sir Godfrey Kneller, and is in the 
possession of Lord Egremont at Petworth. In the 
IJniversity Library there is preserved a cast taken, 
from his face after death. 

Every memorial of so groat a man as Sir Isaac 
Newton has been preserved and cherished with pecu- 
liar veneration. His house at Woolsthorpe has been 
religiously protected by Mi*. Tumor of Stoke Roche- 
ford. The proprietor Dr. Stukely, who visited it in 
Sir Isaac's lifetime on the ISth of October, 1721, 
gives the followiag description of it in a letter to Dr.. 
Mead, written in 1727. " *Tis built of stone as is the 
way of the country hereabouts, and a reasonable good 
one. They led me up stairs and showed me Sir 
Isaac's study, where I suppose he studied when in 
the country in his younger days, or perhaps when he 
visited his mother from the university. I observed 
the shelves were of his own making, being pieces of 
deal boxes which probably he sent his books and 
clothes down in on these occasions. There were some 
years ago two or three hundred books in it of his 
father-in-law, Mr. Smith, which Sir Isaac gave to 
Dr. Newton. 

" When the house was repaired in 1798, a tablet of 
white marble was put up in the room where Sir 
Isaac was bom, with the following inscription : — 

" Sir Isaac Newton, son of John Newton, Lord of 
the Manor of Woolsthorpe, was bom in this room on 
the 25th December, 1642." 
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Nature aod Nature^! lawi lay hid in night, 

God said '< Let Newton be^" and aU was Light / 

The following lines have been written upon the 
house : — 

Here Newton dawned, here lofty wisdom woke. 
And to a wondering world diyinely spoke. 
If TuUy glowed, when Phcdrus's seeps he trade* 
Or fancy formed Philosophy a God; 
If sages still for Homer's birth contend 
The sons of sdence at this dome must bend. 
AU hail the shrine I All hail the natal day. 
Cam boasts his noon— this Cot his morning ray. 

The house still contains the two diab made by 
Newton, but the styles of both are wanting. The 
celebrated apple-tree, the fall of one of the apples of 
which is said to have turned the attention of Newton 
to the subject of gravity, was destroyed by wind in 
the year 1827 ; bu^ the proprietor has preserved it m 
the form of a chair. 

The chambers which Sir Isaac inhabited at Cam- 
bridge are known by tradition. They are the apart- 
ments next to the great gate of Trinity College, and it 
is believed that they then communicated by a staircase 
•weith the Observatory in the Great Tower, — an ob- 
servatory which was furnished by the contributions of 
Newton, Cotes, and others. His telescope is preserved 
in the library of the* Royal Society in London, and his 
globe, his universal ring-dial, quadrant, compass, and 
a reflecting telescope said to have belonged to him, in 
the library of Trinity College. There is also in the 
same collection, a long and curled lock of his silver- 
white hair. The door of his bookcase, is in the Mu- 
seum of the Royal Society of Edinburgh. 
' The manuscripts, letters, and other papers of 
Newton, have been preserved in different collections; 
but the great mass of his papers came into the pos- 
session of the Portsmouth family, through his niece, 
Lady Lymington, and have been safely preserved by 
that noble family. 
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Ab everf dscomstance eomiected with Sir Inae 
Newton mnafe be intemsting, we are enabled, tfacoii^ 
tbe industrions research of Dr. Brewster, to inaert the 
feUowing ^^ Obflerratione on tbe &saalj of S&r Isaac 
ShwtoQ," wbich we troet will be gratifyiBg te «nr 



"^ Li the year 1705, Sbrlaaae gaye into tbe Hesalda 
Ofice an elaborate pedigree, etating, upon oath, ihai 
iehad reoitm to belhveihai Jebn Newton of Westiby, 
in tihe Oonnty of liacoln, was has great grandfirfdwr'a 
lather, and tllat tbis was the earned John Newton w]»> 
was Imried -in Barii^^thorpe chnrch, on the 22d De« 
oember, 1563. This lohn Newton bad four aonai^ 
Urn, Thomas, Eicbard, and Wilbam Newton oUBmt- 
nedy, the last ef whom was grand&ther to Sir Joba 
Newton, Bart, of Hather. ^ Isaac considered him- 
self as descended £rom tiiese, ^ be baviog, by tiaditioa 
fern his kindred, ever since he can remember, reck- 
easd hkiself next of kin (amon^ tbe Newtons) to Six 
John Newton's family.' " 

The pedigree branded nponi these and other oonn- 
demtions was aocompaaied by a certificate from Sit 
John Newton, of Thorpe, Bart., who states tiiai h^ 
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had heard his father speak' of Sir Isaac Newton *< at 
of his relation and kinsman," and* that ^ he himself 
bdieved that Sir Isaac was descended from Joha 
Newton, son ^ John Newton of Westhy, bnt knoweth 
not in what particular manner." 

The pedigree of Sir Isaac, as entered at the Herald'a 
Office, does not seem to he satisfactory either to' him* 
self or to his successors, as it could not he traced with 
certainty heyond his grandfather ; and it will be seen 
from the following interesting correspondoice, that^ 
npoa making further researches, he had some foaom 
to believe that he was of Scottish extraction :— • 

XaCtRACT OF A LETTER FBOM THE BET. BE. RBm^ OF 
iOiASGOW, TO DB. GREGOBY, OV EDDfBUBOH. 

'^ I send you on the other page an anecdote reepeet- 
ingSir Isaac Newton, which I do not remember ^e- 
tlMT I eror happened to mention to ybo. in convena* 
tion. If his dMcent is not clearly ascertained (aa I 
think it is not in the books I haye seen), might it not 
be worth while to inqnite if evidence can be fotmd to 
CQioArm the aoconnt which it is said he has given ef 
luBiaelfl Sheriff Cross was ve^aealoos about it when 
danth put a stop to his inquiries. 

*< When I Uved in Old Aberdeen, above twenty 
yaaxs ago, I happened to be conversing, over a pipe of 
tdbaeoo, with a gentlooian of that country, who had 
been lately at Edinburgh. He told me that he had 
often been in company with Mr. Hepburn, of Keiiiiy 
with whom I had the honour of some aoqnaintaaoe.— * 
He said- that, speaking of Sir Isaac Newton, Mr* 
Newton mentioned an anecdote which he had itom, 
Mr. James Qregory^ professor of mathematieB at 
Edinburgh, which was to this purpose : — 

^ Mr. Gregeiy being at London fer some time after 
he Benfloed Sie mathematical chair, was often wiik 
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Sir Isaac Newton. One day Sir Isaac said to him, 
* Gregory, I belike you don't know that I am con- 
xiected with Scotland V ' Pray how, Sir Isaac,' said 
Gregory. Sir Isaac said he was told thj^t his grand- 
father was a gentleman of East Lothian ; that he 
came to London with King James, at his accession to 
the crown of England, and then spent his fortune, as 
many more did at that time, by which his son (Sir 
Isaac's father) was reduced to mean circumstances. 
To this Gregory bluntly replied, ' Newton a gentle- 
man of East Lothian ; I never heard of a gentleman 
of East Lothian of that name.' ^ Upon this Sir Isaac 
said, ' that being very young when his father died, 
[The reader will observe from the foregoing biogra- 
phy, that Sir Isaac was a posthumous child, his 
&ther having die^ before he was born,^ he had it 
only by tradition, and it might be a mistake,' and im- 
mediately turned the conversation to another subject. 

** I confess I suspected that the gentleman who was 
my author had' given some colouring to this story, 
and therefore I never mentioned it for a good many 
years. 

" After I removed to Glasgow, I came to be very 
intimate with Mr. Cross, then SheriiF of Lanark, and 
one day at his own house mentioned this story without 
naming my author, of whom I expressed some diffi- 
dence. 

" The Sheriff immediately took it up as a matter 
worth being inquired into. He said he was well ac- 
quainted ydth Mr. Hepburn of Keith, (who was then 
alive) and that. he would write him to know whether 
he ever heard Mr. Gregory say that he had such a 
conversation with Sir Isaac Newton. He said he 
knew that Mr. Keith, the ambassador, was also in- 
timate with Mr. Gregory, and that he would write 
him io the same purpose. 

'^ Some time after, Mr. Cross told me that he had 
answers from both the gentlemen above mentioned, 
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and that both remembered to have heard Mr. Gregory 
mention the conversation between him and Sir Isaac 
Newton, to the purpose above narrated, and at the 
same time acknowledged that they had made no fur- 
ther inquiry about the matter. 

" Mr. Cross, however, continued the inquiry, and a 
short time before his death, told me that all he had 
learned was, that there is, or was lately, a baronet's 
family of Newton in West Lothian, or Mid Lothian, 
(I have forgot which). That there is a tradition in 
that family, that Sir Isaac Newton wrote a letter to 
the old knight that then was (I think Sir John New- 
ton, of Newton, was his name,) desiring to know 
what children, and particularly what sons he had, 
their age, and what professions they intended : That 
the old baronet never deigned to return an answer to 
this letter which his family was sorry for, as they 
thought Sir Isaac might have intended to do some- 
thing for them." 

Several years after this letter was written, d Mr. 
Barron, a relative of Sir Isaac Newton, seems to have 
been making inquiries respecting the family of his an- 
cestor, and in consequence of this the late Professor 
Robison applied to Dr. Reid, to obtain from him a 
particular account of the remarkable conversation be- 
tween Sir Isaac and Mr. James Gregory, referred to 
in the preceding letter. In answer to this request, Dr. 
Reid wrote the following letter, for which I was in- 
debted to John Robison, Esq., Sec, R. S. E. who 
found it among his father's manuscripts. 

iibttbb from db. reid to professor robison, re- 
specting the family of sir isaac newton. 

<« Dear Sir, 

" I am very glad to leam by yours of April 4, that 
a Mr. Barron, a near relation of Sir Isaac Newton, is 
aiudous to inquire into the descent of that .great man. 
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tainij, than his grand&ilier. I, tbeiefbie, as jam 
desire, send you a precise account of all I know ; and 
am glad to have this opportunity, before I die, of 
putting this information in hands that will make tira 
proper use of it, if it shall he found of any use. 

^^ SoTeral years before 1 1^ Aberdeen, (which I did 
bk 1764) Mr. Douglas of Feckel, the father of Sylves- 
ter Douglas, now a barrister at London, told me, l^ai 
havnig been lately at Edinburgh, he was often in com- 
pany with Mr. Hepburn of Keith, a gentleman of 
whom I had some acquaintance, by his lodging a nigbt 
at my house, at New Machar, when he was in the 
lebel army in 1745. That Mr. Hepburn told him, 
&at he had heard Mr. James Gregory, professor <^ 
maAematics, Edinburgh, say, that being one day ih 
faniliar eouTersation with Sir Isaac Newton at Leu* 
doii) Sir Isaac said, 'Gregory, I bdieve you don't 
know that I am a Scotchman.' ' Pray, how is that V 
said Gregory. Sir Isaac said he was informed that 
his grandi^ther (or great-grandfather) was agentloasan 
oi East (or West) Lothian ; that he went to Londoa 
with King James I., at his accession to the crown of 
Ei^and ; and that he attended Court in expectatk^ 
as many others did, until he spent his fortune, hy 
which means his family was reduced to low circum- 
stances. At the time this was told me, Mr. Gregory 
was dead, otherwise I should have had his own testi- 
mony, for he was my mother s brother. I likewise 
thought at that time, that it had been certainly known 
that Sir Isaac had been descended from an old English 
fiimily, as I think is said in his ei^e before the Aca- 
demy of Sciences at Paris, and therefore I never men- 
tioned what I had heard for many years, believing 
that there must be some mistake in it. 

" Some years after I came to Glasgow I mentioned 
(I befieve for the first time) what I had heard to have 
been said by Mr. Hepburn to Mr. Cross^ late Sheriff 
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tt this caiHity, whom yoa will remember. Mr. Croes 
fpraa moved by this aocoimt, and kame&tely said : 
* I kaow Mr. Hepburn veiy wdl, and I know he was 
intimate with Mr. Gregory. I shall write him this 
same night, to know whether he heard Mr. Giregoxj 
say so or not.' After some reflection he added, * I 
know that Mr. Keith, the ambassador, was also an 
intimate acquaintance of Mr. Gregory, and, as he is at 
present in Edinburgh, I shall likewise write to him 
this night.' 

*^ The next time I waited on Mr. Cross he told me 
that he had written both to Mr. Hepburn and Mr. 
Keith, and had an answer from both, and that boA 
of them testified that they had sereral times heard 
Mr. James Gregory say, that Sir Isaac Newton t^ 
him what is above expressed, but that ndther they 
nor Mr. Gregory, as far as they knew, ever made any 
fiofther inquiry into the matter. This appeared Tery 
strange both to Mr. Cross and me, and he said he 
inrould reproach them for their indifference, and would 
make inquiry as soon as he was able." 

^^He liyed but a short time after this, and in the 
last conversation I had with him upon the subject, he 
said, that all he had yet learned was that there was a 
i& John Newton, of Newton, in one of the counties 
of Lothian, (but I have forgot which,) some of whose 
children were yet alive ; that they reported that their 
fisther, Sir John, bad a letter from fiSr Isaac Newton,* 
desiring to know the state of his £unily, what children 
he had, particularly what sons, and in what way they 
were. The old knight never returned an answer to 
this letter, thinking probably that Sir Isaac was solute 
upstart, who wanted to cLum a relation to his wor- 
shipful house. This omission the childr^i regretted, 
conceiving that Sir Isaac might have had a view of 
doing something for their benefit." 

** After this I mentioned occasionally in conversa- 
tion what I kneW, hoping that these foots might lead 
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to some more certain discovery, but I found more 
coldness about the matter than I thought it deserred. 
I wrote an account of it to Dr. Gregory, your col- 
league, that he might impart it to any menber of tiie 
Antiquman Society, who he judged might have the 
curiosity to trace the matter farther." 

" In the year 1787, my colleague, Mr. Patrick Wil- 
son, Professor of Astronomy, having been in London, 
told me on his return that he had met accidentally 
with a James Hutton, Esq., of Pimlico, Westminster, 
a near relation of Sir Isaac Newton, to whom he men- 
tioned what he had heard from me with respect to 
Sir Isaac's descent, and that I wished much to know 
something more decisive on that subject. Mr. Hutton 
said, if I pleased to write to him he would give me all 
the information he could give. I wrote him accord- 
ingly, and had a very polite answer, dated at Bath, 
25th December, 1787, which is now before me. He 
says, * I shall be glad, when I return to London, if I 
can find, in some old notes of my mother, anything 
that may establish the certainty of Sir Isaac's descent. 
If he spoke so to Mr. James Gregory, it is most cer- 
tain he spoke truth. But Sir Isaac's grandfather, not 
his great-grandfather, must be the person who came 
from Scotland with King James I. If I find any- 
thing to the purpose, I will take care it will reach 
you. ' 

^' In consequence of this letter I expected another 
from Mr. Hutton when he should return to London, 
but never had any. Mr. Wilson told me he was a 
very old man, and whether he be dead or alive I know 
not." 

" This is all I know of the matter, and for the focts 
^bove-mentioned I pledge my veracity. I am much 
obliged to you, Dear Sir, for the kind expressions of 
yolir affection and esteem, which, I assure you, are 
mutual on my part, and I sincerely sympathise with 
you on your afflicting state of health, which rnake^ 
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you consider yourself as out of the world, and despair 
of seeing me any more." 

" I have been long out of the world by deafness, 
and extreme old I age. hope, however, if we should 
not meet again in this world, that we shall meet and 
renew our acquaintance in another. — In the mean 
time, I am, with great esteem, Dear Sir, yours affec- 
tionately, 

«THO. BEID/* 

''Glasgow Coflegej 

"12th April, 1792.'» 

This curious letter Dr. Brewster published in the 
Edinburgh Philosophical Journal for October, 1820. 
It excited the particular attention of the late Georga 
Chalmers, Esq., who sent the Doctor an elaborate 
letter on the subject ; but as he was at that time in- 
the expectation of obtaining some important informa- 
tion through other channels, this letter was noi^ 
published. This hope, however, has been disap- 
pointed. A careful search was made through the 
charter- chest of the Newtons of Newton in# East 
Lothian, by Mr. Richard Hay Newton, the represen- 
tative of that family, but no document whatever could 
be found to throw the least light upon the matter. It 
deserves to be remarked, however, that Sir Richard 
Newton, the alleged correspondent of Sir Isaac, ap- 
pears to have destroyed his correspondence; for 
though the charter-chest contains the letters of big 
predecessors for some generations yet there is not a 
single epistolary document either of his own or his 
lady's. 

Hitherto the evidence of Sir Isaac's Scottish 
descent has been derived chiefly from his conversation 
with Mr. James Gregory ; but Dr. Brewster was 
enabled, by the kindness of Mr. Robison, to corrobo- 
rate this evidence by the following infonnatio% 
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derived, as will be seen, from the family of the New- 
tons, of Newton. Among various memoranda in the 
handwriting of Professor Robison, who at one time 
proposed to write the life of Sir lisaac, are the fol- 
lowing : — 

^^ 1st, Lord Henderland informed me m a letter 
dated March, 1794, tnan he had heard from his in- 
fancy that Sir Isaac considered himself as deseoided 
from the family of Newton of Newton. This he heard 
from his uncle, Richard Nevpton, of Newton, {who 
was third son of Lord William Hay, of Newhall). 
He said that Sir Isaac wrote to Scotland to learn 
whether any descendants of that family remained, and 
this (it was thought) with the view to leave some of 
his fortune to the family possessing the estate with the 
title of baronet. Mr. Newton not having this honour, 
and being a shy man, did not encourage ike oones- 
pondenoe, because he did not consider hintself as of 
kin to Sir Isaac Newton, &c." 

^^2nd, Information communicated to me by Hay 
Newton, Esq., of that Ilk, 18th August, 1800. 

" The late Sir Richard Newton of Newton, fiart, 
'chief of that name, having no male children, settled 
fhe estate and barony of NeMon in East Lothian 
county upon his relation, Richard Hay Newton Esq., 
son of Lord William Hay. (This entail was execu- 
ted in 1724, a year or two before Sir Richard's death.) 
It cannot be discovered how long the family of New- 
ion have been in possession of the barony, thare being 
210 tradition conoemii^ that circumstance farther than 
that they came originally from England at a very 
distant period and settled on these lands." "The 
celebrated Sir Isaac Newton was a distant relation of 
the family, and corresponded with the last baxtMiet, 
the above mentioned Sff Richard Newton." 

The precedmg documents furnish the most complete 
evidence that the conversation respecUng ^ Isaac 
Newton's family took place between hmi and Mr. 
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Gregory; and the testimony of Lord Henderland 
proves that his own uncle, Richard Newton, of New- 
ton, the immediate successor of Sir Richard Newton, 
with whom Sir Isaac corresponded, was perfectly con-- 
fident that such a correspondence took place. 

All these circumstances prove that Sir Isaac Newton 
could not trace his pedigree with any certainty beyond 
his grandfather, and that there were two different 
txftditions in his &mily, one of which referred his 
descent to John Newton, of Westby, and the other 
to a gentleman of East Lothian, who accompanied 
King James YI. of Scotland, to London, on his acces- 
sion to the English throne. In the first of these 
traditions he seems to have placed most confidence in 
the year 1705, when he drew out his traditionary 
pedigree; but as the conversation with Professor 
James Gregory respecting his Scotch extraction took 
place twenty years afterwards, namely, between 1725 
and 1727, it is probable that he had discovered the 
incorrectness of his first opinions, or at least was dis- 
posed to attach more importance to the other tradition, 
respecting his descent from a Scotch family. 

In the letter addressed to Dr. Brewster by Mr. 
Chalmers, the following observations respecting the 
immediate relations of Sir Isaac are made. ^^The 
Newtons of Woolsthorpe," he say^, "who were 
merely yeomen farmers, were not by any means 
opulent. The son of Sir Isaac's father s brother was 
a carpenter called John. He was afterwards ap- 
pointed gamekeeper to Sir Isaac, as lord of the 
manor, and died at the age of sixty in 1725. This 
John had a son Robert (John ?) who was Sir Isaac's 
second cousin, and who became possessed of the whole 
land estates at and near Woolsthorpe, which belonged 
to the great Newton, as his heir-at-law. Robert 
(John?) became a worthless and dissolute person, 
who very soon wasted this ancient patrimony, and 
Mling down with a tobacco pipe in his mouth when 
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he was drank, it broke in his throat, and put an end 
to his life at the age of thirty years, in 1737." 



We conclude tbis volume with a short outline of 
Natural Philosophy, which, it is hoped, will not be 
considered inappropriate by the inquirer after scientific 
knowledge. It is abridged from an excellent article 
in the Dublin University Magazine ; and is alike dis- 
tinguished for the simplicity of its language and the 
utility of its object : — 

The history of philosophy is one of the most in- 
teresting studies of the man of letters. The view of the 
progress of knowledge, from its earliest recorded de- 
velopment, to its present extended di£fusion, offers ta 
the reflecting mind a field of contemplation worthy of 
traversing. If we compare the feeble efforts of the 
most ancient philosophers to penetrate the veil of igno- 
rance which then surrounded mankind, with the 
mighty power of the promoters of knowledge of the 
present day, we must be struck with the extraordinary 
progress of the human mind through the different 
stages of barbarism, semi-civili2ation, and recent ad- 
vancement. Let us consider the kind of knowledge 
acquired by these philosophers on their travels. 

Thales, of Miletus, visited Egypt, where he studied 
geometry, astronomy, and cosmogony. He was the 
founder of the Ionian sect of philosophy, upon Ma 
return to his native place. He appears to have taught 
the cause of the inequaUty of days and nights, and the 
theory of eclipses. He maintained that water is the 
principle of which all the bodies in the universe are 
composed — ^that the world was the work of God, and 
that God sees the most secret thoughts in the heart of 
man. It is related that he measured the height of the 
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pyramids of Memphis by the extent of their sha- 
dows ; and he is considered the first who employed the 
circumference of a circle in the measurement of 
angles. 

Pythagoras studied geometry among the Egyptians. 
This science he improved by his subsequent discovery 
of several important propositions. He is the earliest 
recorded teacher of the true systeja of astronomy, and 
he made many important 'discoveries in the other 
physical sciences. He observed many curious pheno- 
mena on the surface of the earth, which must have led 
him to reason on the changes which this surface must 
have undergone in the lapse of ages. In the 15th 
book of Ovid's Metamorphoses, a number of these ob- 
servations are mentioned, which are extremely curious, 
and testify, in a very remarkable manner, the superior 
mind of the philosopher. 

Plato also travelled into the east, where he became 
versed in the learning of the Persians and the 
Egyptians. He wrote several works which treated 
chiefly of metaphysical subjects. He mingled together 
his doctrines of theogony and cosmogony, so that it is 
a difficult matter to separate his peculiar notions of 
the latter. The passage in his writings most interest- 
ing to the modem geologist, is that which treats of the 
Atlantic ; recorded by Plato as a large continent be- 
yond the Pillars of Hercules, and which had sunk un- 
der water, thereby giving place to the present Atlantic 
Ocean. He made many improvements in geometry ; 
to him is ascribed the discovery of the mathematical 
bodies, called the regular solids. He conceived the 
world to be a figure shaped like one of these solids, 
called the " dodecahedron." 

Of the opinions of Aristotle respecting the forma- 
tion of the world, we have not any clear account. He 
wrote upon a variety of subjects, among which Natural 
history occupied a prominent place. " He regarded 
ihe matter of the heavens as ingenerate and eternal 
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-—that mankind and all species of animals, have 
Btfbfflsted from everlasting by a perpetual course 
of generation without any original beginning or 
production; and that the earth has been for eyer* 
adomed with trees, plants, flowers, minerals, and 
other productions as we now see it to be." It is pos- 
sible that he may have taken the eternity of the world 
from Lncans, a disciple of Pythagoras, who is the- 
most ancient assertor of this idea, so different from the 
opinion of his master. 

We thus find that the most eminent ancient philo-^ 
sophers indulged more or less in reveries respecting 
cosmogony. In studying other branches of learning, 
they must have been frequently led into considerations 
of the probable origin of the world which they inha- 
. bited ; and they endeavoured to frame hypotheses, 
some of which were very ingenious, but more gene-^ 
rally extremely absurd. Occasionally a master mind, 
like that of Pythagoras, made an approximation t» 
the truth, which has astonished the learned of later 
times. Sometimes facts were related in corroboration 
of these hypotheses — ^sometimes they were distorted 
to explain the dreams of philosophic fancy. But 
among the ancients, the observation of natural &ci3 
was not made in a way to benefit science. We find 
many of the arts and sciences brought by the ancienta 
to a considerable degree of perfection. In architect 
tare, poetry, eloquence, and perhaps in some other 
branches, they excel the modems. The progress made 
by them in geometry was admirable indeed; and 
they based that science upon a foundation fitted to 
bear the splendid superstructure raised by modem 
ingenuity. But in those branches that required a 
combination of the perceptive and reasoning powers, 
their progress was very limited. Chemistry and eat- 
perimental philosophy are of modem origin : at least 
what was effected in them by the ancients, or rather 
what is recorded as having been effected, is very tri-» 



y Google 



APPENDIX. 295 

fling. In botany, zoology, and mineralogy, a number 
of detached observations have been recorded in the 
-vmtings of Aristotle, Theophrastes, and Pliny ; but 
BO classification was ever attempted, nor any extended 
train of reasoning from these facts adopted by the 
ancient philosophers. 

If we turn onr attention to the state of knowledge 
among the Arabians, we shall find that the mathema- 
tical sciences were for the most part cultivated by 
them. They cevoted, it is true, some attention to 
astronomy and to alchemy ; but the former being 
studied for the purpose of contributing to their desire 
to penetrate the mysteries of fate, was merely a com- 
pound of truth and falsehood that has been denomi- 
nated astrology; and the latter, ministering to^the 
passions of most men for acquiring wealth, offered a 
strong temptation to its votaries, but was of no ser- 
vice in furthering the march of mind, although it dis- 
eovered facts that were afterwards of service to the 
modem chemist. We may regard the Arabians more 
as the preservers of ancient science. Many of the 
inventions ascribed to them have been traced to the 
Indians, and were received either directly from that 
people, or through the medium of the Greek philoso- 
phers, whose works were translated into the Arabic 



Che conclusion to which we may arrive from a con- 
templation of the state of learning in the early and 
middle ages is, that geometry was the only science 
successfully cultivated, and handed down free of any 
error or absurdity ; all the other branches of learning 
were more or less imbued with mistaken views, arising 
generally from imperfect data. There seemed to be 
little respect paid to knowledge acquired from the ob- 
servations of facts of daily occurrence. Abstruse studies 
were most esteemed. Mathematics requiring a deep 
train of thought, and at the same time of correct rea- 
floniag, without needing the aid of experiment requi- 
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nte in physical science, enabled the cnltivators to 
•improYe without any danger of perversion. 

In the history of natural philosophy a knoMiedge 
of mathematics is indispensable on the part of the 
student; if he venture beyond the vestibule. The 
votary of pure mathematics will be insensibly led to 
the application of his favourite science for the expla- 
nation of some of the phenomena in Nature ; and if 
he be successful in solving any of their mysteries, he will 
be encouraged to pursue still further the research after 
physical truth. The ancients were thus led to apply 
their mathematical knowledge. The name of Archi- 
medes is handed down as one of the brightest in 
ancient times. His discoveries form an important era 
in the history of science ; and they arose from his 
extensive application of geometry to physics. Bef<»e 
his time there were no correct notions of the theory 
of mathematics, and he is the first who pointed out 
the specific gravity of bodies. He is the only one of 
the ancients who can bear comparison with the mo* 
dems as a natural philosopher. 

When learning began, after the dark ages, to revive 
in Europe, the mathematical lore of the ancients was 
sought after with great avidity. What had been ef- 
fected by them in the physical sciences received also 
its due appreciation. Both the truth and the absur- 
dity of their astronomy, mechanics, and oth^r branches, 
were swallowed at first without' being questioned. 
But as the attention of the early moderns became 
more directed to scientific investigation, many of the 
errors of the ancients became manifest. Some of these 
were speedily corrected, while others, admitting of 
more discussion, remained for a longer period under the 
judgment of the new cultivators of knowledge. Every 
successive age, however, dispelled more or less of these 
errors. The study of the pure mathematics advanced 
with rapid strides. Their field was augmented with 
numberless new discoveries. Their appHcation to 
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physics became eyeiy day more general ; and the im* 
pulse which science had now received, carried forward 
its YOiaries with^ velocity never before known in its 
progress. 

Natural philosophy had now become a science of 
great importance, from the additions made by its 
early modem cultivators to what was received by 
them from the ancients. Among the ancients, Archi- 
medes was the first who applied geometry to physics, 
and then gave it a double power. Among the first 
revivors of learning in Europe was Descartes, who 
applied algebra to geometry, and thus put an engine 
of incalculable power into the hands of the cultivators 
of natural philosophy. The attention of the learned 
w^ now, directed to experiment, a method, if in- 
vestigated, but little appreciated or understood by 
the ancients. ^ Galileo, by his invention of the teles-* 
cope, opened, as it were, the gates of the heavens, 
into which rushed a host of ardent inquiriers afi;er truth. 
A number of other illustrious men at the same time 
directed their attention to experiment in the other 
branches of physical science. The, discovery of print- 
ing some time before enabled the new acquisitions to 
knowledge to be widely diffused, and enabled one 
nation to communicate its knowledge to another with 
a rapidity never before conceived. The discovery 
of America not only was a successful experiment 
on a large scale, but it added another proof to 
the true S3rstem of the world, and directed in a 
forther degree the attention of men to the exami- 
nation of natural phenomena. The Reformation 
promoted the freedom of discussion, and enabled 
the laity to take part in studies, almost previously 
attended to by the clergy alone. But what con- 
tiibnted in the greatest degree to the improvement 
of physical science, was the new path pointed out to 
its votaries by the iUustrious Lord Bacon. His master 
mind discovered the causes of error in the philosophy 
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of ike aocieiitB, and demonstrated that as kog as 
their mode of reasoning was pursued, it was iut^ 
possible for the moderns to frame H true system of 
science. He asked, ^' Wherein can arise such vagoe- 
ness and sterility in all the physical systems which have 
hitherto existed in the world?" It is not certainly 
from anytiiing in nature itself; for the steadiness and 
vegnlarity of the laws by which it is governed clearly 
mark tiiem out as objects of certain and precise 
knowledge. Neither can it arise from any want of 
ability in those who have pursued such inquiries, many 
of whom have been men of the highest talent and ' 
genius of the ages in which they lived ; and it can 
merefore arise from nothing else but the perverseness 
and insufficiency of the methods that have be^n pui>* 
sued. Men have sought to make a world from dieir 
own conceptions, and to draw from theyr own minda 
all the materials which they employed ; but if, instead 
of doing so, they had consulted experience and obser* i 
Tstion, they would have had facts, and not opinions ' 
tn reason about, and might have ultimately arrived at 
the knowledge of the laws which govern the material 
world." 

The opinions of Bacon became gradually appre^ 
ciaied. The calm observation of &ct8 became in 
every succeeding age more attended to, and natnxal 
pliilosophy based upon actual experiment, and not 
vpon the wild conceptions of the imagination. 

The science of chemistry may be said to be one c£ 
the offibpnog of the Baconian philosophy. It is a 
fannch of physics*—- the first principles' cf which de«- 
pend wholly upon experiment. Its progress testifies, 
in a renaoxkable degree, the importance of the indue* 
tive method of reasoning. It required a calm and 
patient examination of the changes produced on bodies ' 
by experiment, in order that a sufficient mass of fiwts j 
nnght be accamnlated to raise it to the rank cf a 
sdeace. It required its cultivators to divest then^ 
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sdves of all pfejndices — ^to yiew things as they zeally 
axe, and not to set out with a .pievious leaning to a 
particular set of opinions, and to torture the reralt €i 
their experiment to prop these opinions up. It is 
impossihle it could hare hecome a regular science 
under the influence of the Aristoteleian philosophy. 
The more jaiea reasoned from Eeusts, the more did 
chemistry advance ; and it now affords one of the 
most brilliant examples of the happy mode pointed 
out by Bacon, for the improvement of knowledge. 

If we sum up the results of our observations on tiie 
progress of knowledge, we shall arrive at the condu* 
sion, that the observation of iMsts was the very laafe 
object attended to in its march through succesalre 
ages — at least the calm and unprejudiced examinatioii 
of facts. The learned of antiquity seemed more in- 
clined to ab^mse studies — ^to studies which required 
a precision m reasoning, which often testified theic 
extreme ingenuity. If tJieir first principles were coi^ 
rect, so were i^eir conclusions. But that their first 
principles were, for the most part, erroneous, we have 
obdurate proof in many instances. In geometry their 
first data were correct, being self-evident truths, and 
their conclu^ons were therefore just. For a succession 
of ages, knowledge, derived from observation of the 
common objects in nature, was looked down upon aa 
unworthy the regard of the philosopher. -There 
veasa consequent bar to the progress of physical 
knowledge. 

Afler the revival of learning in Europe, it was not 
to be expected that the eyes of man could be all at 
once opened to the errors of the ancients. Both the 
truth and falsehood of the ancient philosophy were 
studied. The human mind was still imbued witb 
prejudice. This, however, gradually wore away«— 
mathematics became more ext^ided — natural philoacH- 
phy was extended and improved — diemistry was m- 
vented. We may gradually trace the progress of real 
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knowledge from the first axioms of geometry, through 
the more advanced stages of mathematics — ^through 
the successive developments of natural philosophy — 
to a science resting solely upon a careful examination 
of facts, the science of chemistry. 

Natund philosophy opened to man the field of space 
— ^it taught him to regard the motion of objects upon 
a grand scale — ^it enabled him. to assign dimensions to 
thu space, and to measure the relations of motion. 
Chemistry taught him to view the changes produced 
on bodies, by motions of their minute component par- 
ticles, the measurement of which motions eludes our 
most subtle investigations. Natural philosophy in- 
structed him in the external relations of the bodies in 
nature — chemistry in the internal. It led him, as 
it were, into the mind of inanimate matter. 

During the last hundred years, the ^itention paid 
to an unprejudiced examination of facts has been con- 
tinually on the increase. Philosophers have entered 
upon their investigations without bias to any particu-' 
lar opinions. Instead of commencing their researches 
by laying down a favourite hypothesis, and then dis- 
torting facts to aqcord with it, they commenced with 
an impartial examination of the fEicts themselves ; and, 
following the suggestions of Bacon, they framed their 
theory by the inductive method of reasonii^. By 
not attending to the advice of Bacon, men were in- 
clined to imagine circumstances which have no exist- 
ence in reality. They beheld nature through a 
medium that rarely presented her in her true form. 
So long as the field of physical science was limited, 
the liability to view nature in this manner continued ; 
but, as discovery followed discovery, the disposition to 
prejudice became more and more removed. For' a 
long period men adhered to certain dogmas that had 
been handed down through a succession of ages, and 
finding it difficult to reconcile many facts in nature 
with these dogmas, they had recourse to hypothesis. 
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the frequent absurdity of which paved the way to the 
explodiug of erroneous principles, and dispelled the 
illusion^ although supported by the authority of anti- 
quity. Knowledge derived from facts, spreading far 
and wide, carried with it the examples of its own 
importance. The arts of life received incalculable 
improvements — ^they, in return, aided science. They 
formed the passage from one branch to another — ^they 
were the illustrators of theory, by showing its practi- 
cal application. The ancient philosopher would have 
disdained to lend his aid to the agriculturist, the me- 
chanist, or the navigator. The modem man of science 
regards, as his proudest boast, the improvements given 
by him to the arts, thereby rendering man little in- 
ferior in power to the deities of the ancients. 

It seems indeed strange that the impartial exami- 
' nation of facWs the result of a highly improved state 
of scientific roowledge. But so it is. It is only 
within a comparatively recent period that the point 
has been reached by the human mind. It has been 
often remarked, that the farther we advance in know- 
ledge, the more deeply are we impresaed with a sense 
of our own ignorance. Although this may not be 
exactly true, still we may acknowledge that we are 
less confident in broaching any new theory, in pro- 
portion to the advance of the march of intellect. 
When our opinions can be submitted to the test of an 
appeal to facts, we are more cautious in stating these 
opinions. It is our province to study the facts atten- 
tively, so that we may not be found in the wrong. 

Geometry teaches us the relations of dimensions a& 
conceived in the human mind, but which, in the 
abstract, has no real existence. Natural philosophy 
treats of the relations of existing bodies, viewed in a 
state of motion. Chemistry informs us of the changes 
produced in the bodies themselves. Mathematics,, 
natural philosophy, and chemistry, frequently view 
conditions which j^ave no existence in nature. 
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' Let OS now direct our attention to a branch of know- 
ledge which treats of the objects in nature as they 
really appear — ^Natural History. The field of natural 
history is wide indeed : it includes all nature. But as 
we cannot penetrate beyond the confines of the earth 
which we inhabit, we must be content to become 
acquainted with what it contains on its sur&oe or in 
its bosom. If we explore the animal, the yegetable, 
or the mineral Idngdcmi — if we mount into the atmos- 
phere, or descend into the mitt&— we are impressed 
wi^ the imperative necessity of our acquaintance with 
the different, branches of physics. This demonstrates 
tiie mutual dependence of one branch of knowledge on 
another, and in the consideration of this dependence a 
field of interesting and delightful occupation is opened 
to us. Let us ent» this field ourselves, and let us 
Tiew these mutual relations. tf| 

It will be sufficient for our present purpose, if we 
view the relations of natural history with the other 
fanmches of knowledge. The relations of these other 
branches among each other can be deduced from after 
consideralion. It will also simplify our subject, if w^e 
select some individual part of natural science, and then 
show its dependence upon other kinds of knowledge. 
The consideration of any one point will lead to that of 
others, and these to more, so that we have merely to 
choose the particular place from which we are to start ; 
we shall have no difficulty in our way of gathering 
materials for comparisons. 

The part of natural history whi^h we have sdiected 
for our purpose is geology. There is, perhaps, no 
p(»rti<»i of physical science so well suited for exempli- 
fying tiie relations of its different branches with each 
othw. It treats of, says Lyell, "the successive 
dionges that have taken place in the organic and inor- 
ganic kingdoms of nature. It inquires into the canses 
^ these dbanges, and the influence which they have 
exerted in modifying the surfiice and external stmc- 
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tore of onr planet." It is the science of the eaxtii 
which we inhabit — ^it is a science that may, at all 
times, be studied. If we explore the mountain or the 
valley, the quarry or the mine, we may everywheie 
find matter for reflection ; we may read the book of 
creation, written in characters not to be misunder- 
stood. The language admits of no misint6q[)retaiioa 
— ^it is the language of facts. 

The division of natural history tiiat {uresses dosest 
%pon the attention of the geologist, is mineralc^. 
The mineral masses of the globe are what at &8t 
aixest his attention. If he walk through a cultivated 
country, he does not find geological phenomena itf 
mineral substances so interesting as in districts moie 
in a state of wild and uncultivated nature. I^ill 
th^re is much to daim his attention. The soil in the 
fields will differ in many places, and fumi^ an index 
of the substratum. Thus he will distinguish the 
ferrugenous clayey soil that indicates the underlying 
of basaltic rocks — ^the calcareous clayey soil resting 
upon mountain limestone — the chalky soil — ^the 
granitic soil, and various othets. If he examine the 
low grounds he will find the finer particles of clay 
accumulated in the lowest situations; along the 
slopes of the hills he will observe coarser parts of 
mineral substances, increasing in size as he approaches 
the rocky summits. If he enter into a mountiUB 
district, he will discover large masses of rocks in 
various states of disintegration, their harder parts 
withstanding the' assaults of ages, their softer parts 
separated by various causes from the harder, and 
carried from these elevated re^ons to the lower parts 
of the country by the agency of rivers and torrents. 
In examining these mineral substances, he will find 
his knowledge of mineralogy brought into requisition. 
If his knon^edge of it be extensive, he may be ena- 
bled to discover something that may not have been 
known befoxe. If his k^wledge of it be slight, he 
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'Will find the examination of nature an excellent exer^ 
dee and means of improvement. 

An acquaintance of chemistry is also requisite in 
the study of every department of natural history. In 
SEOology and botany we find it constantly refeired to 
for the explanation of the vital functions and tlie com-, 
position of animal and vegetable substances. In mi- 
neralogy its importance is still greater, from the 
circumstance that the element^ bodies found in 
plants and animals, are very few in comparison with^ 
those composing minerals. In the view of the 
changes that have taken place in the globe, we are 
struck with the important part played by chemical 
agency. We can conceive no alteration produced 
either on the surface or in the interior of the globe in 
which this agency was not, in a greater or less degree, 
exerted. If we regard the action of existing causes, 
still going on, in altering the surface of the earth, we 
shall find at every step appeal made to chemical 
knowledge. 

A knowledge of mechanical philosophy is also re- 
quired by the student of geology. The laws of 
attraction and motion are always in action, and bo 
change can take place in the globe at variance with 
these laws. The consideration of the subject of at- 
traction is of great importance to the geologist ; it 
leads him into the examination of the density of 
mineral masses, and of the globe itself. It will be 
many phenomena which at first sight may seem 
anomalous. The application of the laws of motion will 
be also a powerful auxiliary, whether we view the 
movement of great mineral masses, or of their frag- 
ments ; or that of currents in the atmosphere or the 
ocean. 

The connection of hydrostatics with geology is of 
the greatest importance. The vast ocean which covers 
so much of the earth's surface is subject to hydro- 
Statical laws ; so are the lakes and rivers. Many of 
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tlie Ifcenomena of the torrents that rush from the 
mountains upon the plains, and which are so im- 
portant agents in modifying this surface, will be 
understood by applying the laws of hydrostatics. 
Many geologists have conceiyed the glolle itself to 
liaTe been at one time in a state of fluidity. How are 
we to criticise the opinions of these philosophers, but 
by assigning the truth of their conclusions to the 
standard of hydrostatics. 

The atmosphere surrounding the globe may be said 
to &11 within the province of the geologist. In any 
jgystem of cosmogony that has been, or ever can be 
inyented, the atm9sphere will play a prominent part, 
as its original formation may be accounted for. It is 
the grand cause of most of the alterations that take 
place on the surface of the earth. It is the cause of 
the rain that fertilizes one portion of this surface 
while it gradually wears down another, and of the 
snow that caps the lofty mountains, which is the 
magazine for supplying rivers and lakes. It is the 
supporter of plants that cover the earth, and that 
modify its superficies in an infinite variety''<of ways ; 
in fact, to dUate upon this subject would require a 
separate memoir. 

The geologist must also take inta consideration elec- 
trical phenomena. By some cosmogonists electricity 
is made to play a very prominent part in the formation 
of the earth ; we must therefore be acquainted with 
it in order to combat them with their own weapons. 
The knowledge of the different electric states of 
bodies is also of the first importance in the explana- 
tion of many of the natural phenomena. At times 
of volcanic eruptions, or of earthquakes, these phe- 
nomena become most interesting, and will, if viewed 
by a well-informed observer, be turned to good ac- 
count in elucidating the history of our pland;. The 
discoveries made by some philosophers in galvanjsni 
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hare been applied to exposnd g&oLogy ; serenl liave 
conceived they had obtamed a key for the solution of 
aSk difficidiiea in the action ol oxygen iqpon the base 
of tiie aUcalifls and earths bronght to light by gaWan- 
ism. The science of magnetism is stU in its cradk^ 
but its connection wi^ ^<^ogy is most intimate. It 
is now under ihe lisstaring care of sc»ae of the most 
ennnent j^osophem, and will^ I am sore^ eie long, 
throw much light upon geology. 

With the science of astrraomy, geology is liaJKed 
in the closest degree. In the early ages of knewle%e, 
the attentiim of men was turned to the eontemplatioa 
of the heavens^ and many yeam of observation tai^t 
them to recognize the celestial bodies. Their imagina- 
tuMis invented many faMes with r^ard to the stars 
and planets. This j^y of fancy descended to the 
earth, and from astronomy the mind of the ancient 
philosopher was led to consider the subject of cos- 
mogony. In the micient systems of astronraiy the 
eaitii is regarded as a vast plain, and the ancient 
notions of ito formation and alteration, especially by 
deluges, are all grounded upon the suppoation of its 
being a plane superficies, with the exception of the 
doctrine of the Pythagoreans. That the earth ss of a 
plane figure, would strike the mind mere fordUy l^ian 
its possessing a spherical shape. This lifter opinion 
is i^e result of deep and laborious reflection. The 
causes of error among the early cosmogonsats are in 
this case eictremely manifest. An advanced state of 
the science of astronomy was requisite to ptove^to the 
Batis&ction of aU that the form of the earth is 
globular. 

It has been supposed by some philosc^hers of the 
last century that there has been a change of climate 
in the different regions of the earth's surface as the 
remains of organic beings are found in sitnatioiis 
where, had they lived, it would have been impesMble 
for them to have existed under the circumstances of 
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tiie frmeBA temperature of tbose places. They bave 
conceived a solution of this diffienlty will be, that the 
pedes of the globe have changed their positions, and 
still continue to do so — ^that at one time their points 
iirere in the present equator, and that the frigid regions 
were where the torrid now ai€. This supposition can 
only be refuted by a very refined train of astronomical 
investigation, and it was left to the immortal Laplace 
to demonstrate its incorrectness ; and that, althougb 
there is a trifling shifting of tliue extremities of the 
terrestrial axis, these irregularities are confined within 
certain limits, and are the consequence of the extreme 
perfection of the system of the world. In many 
other particulars, the connection of geology and 
astronomy might be shown, but the investigation 
would lead us into a field that would require a 
separate paper to describe. 

Although the connection of optics with geology may 
not at first strike us as being very manifest, its indi- 
rect relations are not very important. Of late years, 
very singular discoveries have been made in optics, 
particularly by Dr. Brewster. These discoveries refer 
to the action on the sight, of bodies having a crystal- 
line form; a very remarkable connection has been 
Dbserved between their chemical composition, crystal- 
line structure, and optical phenomena. These disco- 
Teries will evidently improve the science of mineralogy, 
and the more it is improved, the better will geology be 
elnddated. From the intimate connection of astro- 
nomy and geology, and of astronomy with optics, 
especially with regard to the instruments for observing 
the heavenly bodies, the improvements in these instru- 
ments, by addiog to our knowledge of the heavens, 
will enable us to extend our acquaintance with the 
earth. The invention of the microscope has unfolded 
the secret of organization ; and as geology treats of 
the organic, as well as of the inorganic changes of the 
^gdoms of nature, the minuteness of which eludes 
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the observation of the naked eye, it will be appremted 
in the highest degree. 

In the study »of natural philosophy, we cannot pro- 
ceed far without the aid of mathematics. In geology 
itself there are many points that require immediately 
the mathematical skill $f the obserW|; so that, viewed 
both directly and indirectly, ipauiacnatics must be 
understQod by the ge(4ogist.^ I have shown that tlw 
philosophers of antiquity Who proposed systems of 
cosmogony, were all geometers, and among the modems^ 
many illustrious names--^! need only quote that of 
Playfair for example — ^have been distingui^hed alike 
for mathematical and geological knowledge. An ac- 
quaintance with civil history is likewise, required. As 
history teaches us the progress of human society, and 
informs us of the changes that have taken place in 
human institutions, so geology instructs us in the mu- 
tations of organic and ino^anic nature. Where there 
are records of natural chaijiges^reserved in the pages 
of history, its connection with geology becomes more 
intimate, and is ofben of the greatest value. 

As knowledge becomes more cultivated by different 
jiations, the languages spoken by those nations should 
be attended to by the student. Many of the natural 
appearances of a country cannot be described in a 
jn^Jket to bring them before the eye of the reader, so 
vreVi'aSjjai the language of that country. Foreign 
litS^^reTis now so much extended that it would be 
ij^mmpossible and unprofitable to translate all the 
eminent publications that are almost daily issuing 
from the continental press. Periodical literature is 
an invention of modem times. Periodical publica- 
tions must be read in the language in which they are 
originally written, in order that their full force and 
importance may be felt. It is also proper that the 
opinions of the ancients should be studied in their 
respective tongues. The difficulty of acquiring lan- 
guages has been much decreased of late years, by tha 
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janprovemenis in the mode of learning them, and the 
knowing of one or two will open to the stndent the 
gates of as many more as he may desire to stndy. 

With intellectual philosophy, the connection of 
geology is very interesting. A true system of geology 
can be the result only of a highly refined train of 
reasoning. I have shown the imperfection of the 
ancient mode of reasoning, and its consequent influence 
on physical science. Bacon pointed out to me the true 
mode of observing the system of nature. In stud3ring 
geology, we shoxilcj be aware of the proper mode of 
<;onducting our ^reasonings from &cts, and be alive to 
our liability to commit errors. The science of logic 
here lends its aid, and mattei' is aided by the powers 
of the mind. 

We will readily arrive at the conclusion, that, if an 
improTement take place in any one department of 
Jbiowledge, it cannot faal to be of use to all the othersr. 
The connection which I have endeavoured to show 
l>etween geology and the other branches of philosophy, 
will furnish us constantly with illustrations. In fftct, 
we cannot study any one circumstance in science in an 
isolated manner. We must view«its relation to others 
in order to understand it. 

Referring again to the definition of geology, that 
it treats both of the organic and inorganic changes of 
nature, we may recal an important observation which 
we made a little way before, that it require a 
knowledge of the productions of the animal and 
vegetable kingdoms. If the attention of the geologist 
be confined to the consideration merely of the mineral 
masses of our globe, his exertions will be placed within 
narrow limits — his science will be incomplete— he 
must regard attentively the remains of organised 
beings enshrined in many of these mineral masses— 
he must compare them vnth existing species — ^he 
will discover many exuviae of beings very different 
from the races that now inhabit the earth — he witt 
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•kterve the bones of pgamfic mammalia and vefiiaBB, 
ihe types of which mte not now to be foand — oi fifiiieSy 
birds, and insects— an immense variety of loBsil 
dieUa, scarcely any of which agree with existing 
species — ^he will discoyer the remains of plants, many 
fltt which he will in TaJb endeavour to reconcile with 
those that now dothe the siir&ce df the earth. But 
tibe knowledge of these fossil remains is still in its 
iB&oicy — he mnst be previously acquainted with those 
natoral productions, both animal and vegetable, Hiat 
are now found on the earth — ^he must study geology, 
.in order to know the external forms of animids, tl^b^ 
liabits, and instincts, and anatomy, that he may be 
Mb to recognise the species of fossil bones. To 
understand the connection of the external foims of 
animals with their internal structure, he mnst be 
acqnaixri^ed with physiology. The connection ef con- 
cbdogy with geology is of the closest desmption. 
When an ignorant person observes another gathedng 
shdk upon the beach, he is inclined to despise him, 
considering the occupation as one belonging to 
children. When he sees him searching for eiiells 
imbedded in rocka, he thinks the sanity of the 
collector to be dubious! He little thinks that these 
imbedded shells are part of the language in which the 
Idstory of the globe is recorded. They have been 
called the medals that illustrate its annals. The 
science of botany enables the geologist to investigate 
the remains of plants found in strata. To compare 
them with existing species is a most interesting task. 
The wonders of the antediluvian world are devdoped 
by this application of zoology and botany. This 
fflustrates how intimately the different branches of 
natural history are linked with each other. The 
additions made to them within a very recent period 
are so great as to astonish when enumerated. At the 
present moment the utmost zeal is manifested to 
acquire a knowlegde of natural productions, both 
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leceni and fossiL* The geologists of the present day 
vie with each other in their investisation of organic 
remains. The illustrious Cuvier apjmed his profound 
knowledge of . anatomy to the examination of bones 
found in strata ; his steps have been followed by a 
number of other ardent inquirers. The vast variety 
of shells, corallines, and other remains of the lower 
animals, discovered in rocks, are undergoing a strict 
scrutiny by naturalists well versed in the knowledge 
of recent productions. Very lately the examination 
of fossil plants has excited the ardour of several of 
the students of natural science, and their labours are 
likely to be lewifrded ere long with an abundant 
harvest of facts. Geology is thus becoming based 
upon a sure foundation — ^it is showing itself worthy 
of the attention of the philosopher. The more fstcUi 
that may be discovered, the surijBr will be the founda- 
tion upon which it will rest. The improvements in 
the other departments of physical and intellectual 
knowledge will contribute to cement the superstruc- 
ture, whue the study of the science itself will form 
one of the greatest means of human happiness. 
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